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DEPARTMENT OF THE ARMY
HEADQUARTERS, US ARMY AVIATION SYSTEMS COMMAND

4300 GOOODFELLOW BOULEVARD, ST. LOUIS. MO 63120

REPLY TO
ATTENTION OF

DRSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project No. 82-07, Airworthiness and Flight Characteristics Test
(A&FC) of the CH-47D Aircraft

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Engineering
position on the subject report. The objectives of this A&FC test were to
obtain helicopter performance and handling qualities data for the CH-47D
Operators' Manual and to determine compliance with the CH-47D Prime Item
Development Specification (PIDS).

2. This Directorate agrees with the report conclusions and recommendations,
"* with the exceptions identified herein. Conclusions and recommendations are

"discussed by paragraph as indicated.

a. Paragraph 9 4a. The engine governing system on the CH-47 helicopter with
the T55 series engines is sensitive to N1 and N2 system rigging and inherently
allows rotor speed excursions. The rotor speed excursions are the result of the
engine fuel control tolerances and the slope in the feedback system to the fuel
control. Previous investigations on the YCH-47D and the CH-47C with the

* T55-L-712 engines and fiberglass rotor blades indicated that the power manage-
ment was sensitive to the fuel control rigging. The approved ECPs, DO01 Improved
N2 Control Box, D036 Alternate NI System (Logic) and D050 Engine Control (N1 )
Link Mod should provide improved governing characteristics, but primarily for
reliability reasons. Although undesirable, the rotor speed excursions are con-
sidered acceptable.

b. Paragraph 94b. The high level of cockpit vibrations at and above cruise
airspeed is a shortcoming. However, attenuation of the cockpit vibrations is
not planned due to the limited mission profile time spent above cruise airspeed,
the weight penalty and the complexity of attendation systems.

c. Paragraph 9 4 c. Boeing Vertol investigated the easily excited three axis
aircraft oscillations. Modifications were made to the AFCS to alleviate struc-
tural problems assiclated with the oscillations. While the AFCS modifications
solved the structural problem, the oscillations still exist. The oscillations
are most pronounced during high power maneuvers at light gross weight. Since
this condition is an infrequent occurrence and not a deficiency and further
design changes may not be productive, this shortcoming is considered acceptable.

d. Paragraph 94d. The lack of an aircraft intercom ON/OFF capability is a
shortcoming. However, the intercom system is standard GFE which is used Army
wide and no modifications are planned for the CH-47D.
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e. Paragraph 94e. The excessive rate of engine torque increase following a
failure of the CCDA is not considered a shortcoming. The CCDA failure mode per-
forms per the specification requircments. The probability of encountering a
failure of the CCDA is remote and, when it occurs, it will result in a transient
torque or temperature limit exceedence which is controllable. No design changes
are planned due to the low probability of occurrence and cost impact of a rede-

sign.

f. Paragraph 94f. Agree with the shortcoming relative to the barometric or
radar altitude hold feature. No design changes are planned for the CH-47D since
the copilot can operate the switch with relative ease and the pilot can operate
the system with the thrust control rod release.

g. Paragraph 94g. A helicopter internal cargo handling system product
improvement proposal has been approved and is scheduled for FY85 implementation.
This action should correct the lack, of provisions !or easy loading and unloading.

h. Paragraph 94h. The uncommanded pitch oscillations during two wheel taxi
is a shortcoming. Changes to the Operator's Manual have been implemented which
allow the pilot to turn off the AFCS to eliminate the pitch oscillations.

i. Paragraph 941. The unconventional position/nomenclature of the VHF AM/FM
radio sets is considered a nuisance rather than a shortcoming. It is imprac-
tical and too costly to change the design.

J. Paragraph 94j. The engine torque fluctuations in smooth air with the
barometric altitude hold feature engaged is not considered a shortcoming unless
the associated torque fluctuations in and of themselves create a flying quali-
ties problem and that seems not to be the case as is evidenced by the first sen-
tence of paragraph 87. Corrective action does not appear to be warranted.

k. Paragraph 94k. The lack of independent course deviation indicators for
each pilot is peculiar to the test aircraft. Fielded CH-47D aircraft have
course deviation indicators for both the pilot and copilot.

1. Paragraph 941. The restricted field-of-view from the crew chief posi-
tion fore and aft cargo hooks during tandem rigged load operations has been
demonstrated satisfactorily during testing at Fort Rucker. The crew chief is
required to wear a monkey harness while leaning through the cargo hatch to
observe the external load. There are no planned design changes.

m. Paragraph 94m. The lack of gunner seats for the M24 armament subsystem
is a shortcoming. An ECP submitted by Boeing Vertol in 1969 to add gunner seats

was rejected because the seat would block an emergency exit, would not allow
proper operation of the gun, and be cost ineffective.
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n. Paragraph 94n. Water leaking into the cockpit during flight in rain is
a shortcoming. Field experience has not indicated this is a problem. However,
field experience will be followed closely to determine if this problem deve-
lops.

o. Paragraph 94o. The inability to ground taxi with power steering while
performing other cockpit tasks is a shortcoming. However, a design change is too
costly and the current system is considered acceptable.

p. Paragraph 94 p. The shortcoming associated with the pilot's restricted
field-of-view of the turn and slip indicator should be corrected with ECP 027
(NVG Mod).

q. Paragraph 94g. A PIP is being submitted for FY 87 to remedy the lack of
an external load weight measuring system.

r. Paragraph 94r. The inability of the Doppler Navigation Set to display
distance and ground speed in units of nautical miles is a shortcoming. The
equipment is GFE and no design changes are planned.

s. Paragraph 94s. The readability of the longitudinal stick position indi-
cator at night should be improved with ECP 027 (NVG Mod).

t. Paragraph 94t. ECP 035 (NVG Mod) extends the glare shield which should
improve the readability of the caution panel segment lights.

u. Paragraph 94 u. The susceptibility of the longitudinal stick position
indicator to damage is a shortcoming. The indicator was added after the cockpit
design was frozen and is too costly to change.

v. Paragraph 94v. The obstructed field-of-view of the forward end of the
longitudinal stick position iitdicator is a shortcoming but no design changes are
planned.

w. Paragraph 94 w. The uncomfortable pilot/copilot seat is a shortcoming.
However, to change the seat design is cost prohibitive.

x. Paragraph 95. The shortcomings should be corrected as soon as prac-
ticable except as noted herein.

y. Paragraph 96. Release of flight controls would be required even if
engage/disengage switches were relocated unless placed on the cyclic or collec-
tive. Suce. a change is cost prohibitive and is not considered warranted.

- --.
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3. The CH-47D helicopter is considered qualified based on all the testing
accomplished by AEFA and the contractor. Any expansion of the gross weight,
center of gravity limits or incorporation of additional subsystems will require
further flight testing to substantiate airworthiness.

FOR THE COMMANDER:

RONALD E. GORMONT
Acting Director of Engineering

iLE,
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INTRODUCTION

BACKGROUND

1. The Boeing Vertol Company (BV) desipned, fabricated and
completed the necessary qualification of modernized components
that upgraded previous Model CH-47 helicopters to the YCH-47D,
BV conducted flight testing of the YCH-47D in accordance with
the Airworthiness Qualification Specification, BV Document
No. 0210-10925-i. Additionally, the US Army Aviation Engineering
Flight Activity (USAAEFA) conducted two Preliminary Airworthiness
Evaluations (PAE) (refs 1 and 2. app A), climatic laboratory
tests (ref 3), and icing tests (ref 4). The US Army Aviation
Research and Development Command (AVRADCOM) tasked USAAEFA to
conduct an Airworthiness and Flight Characteristics Test (A&FC)
of the production CH-47D (ref 5) to verify compliance with the
requirements of the Prime Item Development Specification (PIDS)
for the Model CH-47D helicopter (ref 6) and obtain detailed
flight test data for the operator's manual (ref 7).

TEST OBJECTIVES

2. The objectives of the CH-47D A&FC were to determine contrac-
tual compliance with selected portions of the PIDS and to obtain
detailed flying qualities and performance data for the operator's ,•
manual.

DESCRIPTION

3. The CH-47D i: a modernized version of previous model CH-47
tandeir-rotor helicoyters designed to provide air transportation r
for general cargo aad troops within the combat area. A detailed
description of the CK-47D is contained in the operator's manual,
the PIDS, and in appendix B. Aircraft serial number 81-23383 was
used for this evaluation.

TFST SCOPE

1. The A&FC tests were conducted in 132 flights for a total of
148.8 hours, of which 105.4 were productive. Testing was conducted
in St. Paul, Minnesota (elevation 704 feet), Edwards Air Force
Base (elevation 2302 feet), Bishop (elevation 4120 feet) and
Coyote Flats (elevation 9980 feet), California. Tests were flown
between 25 January and 13 December 1983. Instrumentation was
installed and maintained by BV. Data reduction and aircraft
maintenance were the responsibility of USAAEFA. The tests were
conducted in accordance with the test plan (ref 8, app A) and

S"1



within the flight restrictions contained in the operator's manual
and the airworthineso release (ref 9). Handling qualities
results were compared to the requirements of the PIDS. Sufficient
perforwance data were gathered to check the guarantees in the PIDS
and to generate the performance section of the operator's manual.

5. Performance testing was conducted over a wide range of weights,
altitudes, temperatures, and rotor speeds as presented in applic-
able sections of this report. Handling qualities were conducted
at two target gross weights (41,000 and 50,000 pounds). At
41,000 pounds both forward and aft longibidinal center of gravity
locations were tested. A rotor speed of 100% (225 rpm) was used
for all handling qualities te-ting. Further handling qualities
test conditions are presented in the applicable sections of this
report.

"TEST METIDDOLOGY

6. The test techniques utilized were standard engineering flight
test techniques (refs 10 and 11) and are briefly described in
appendix D. Qualitative ratings of the handling qualities were
%based on the Handling Qualities Rating Scale (HORS) contained
:n appendix D. Vibration levels were qualitatively evaluated
using th, Vibration Rating Scale (VRS) contained in appendix D.

7. Data were recorded by hand, on magnetic tape onboard the
aircraft, and via telemetry to the Real Time Data Acquisition and
Proce sing System (RDAPS). A detailed listing of parameters is
contained in appendix C.

2



RESULTS AND DISCUSSION

GENERAL

"8. Performance and handling qualities tests were conducted at
high-altitude and low-altitude test sites. Tests were conducted
to determine the hover, level flight, and auterotational descent
performance of the CH-47D helicopter. Handling qualities were
evaluated at 4 ,000 lb and 50,000 lb. At 41,000 lb both forward
and aft longitudinal center of gravity (cg) locations were tested.
The CH-47D exceeded the hover, maximum level flight speed, and
the mission III range performance requirements of the PIDS. The
pressure refueling and AFCS heading select capabilities were
found to be enhancing features of the aircraft. No deficiencies
and 25 shortcomings were found. The most significant shortcoming
was the engine speed governing system which allowed large rotor
speed excursions with changes in power setting or airspeed.
Also significant were the high level of cockpit vibrations at
and above cruise airspeed, and the easily excited three-axis
aircraft oscillation caused by differential rotor torque oscilla-
tions.

PERFORMANCE

General

9. Tests were conducted to determine the hover, level flight,
and autorotational descent performance of the CH-47D helicopter.
This information was then used analytically to determine compli-
ance with certain portions of the PIDS. The performance require-
ments in the PIDS (ref 6, app A) were verified using the power
required information determined during this test and power
available obtained from the Lycoming computer program number
LS 19.31.51.13 dated June 1983 using installation losses from BV
document number D210-11920-1 dated 9 June 1982. The C1-47D
exceeded the hover, maximum level flight speed, and the mission
III range performance requirements of the PIDS.

Hover Performance

10. Hover performance tests were conducted at the conditions
presented in table 1. The tethered hover method described in
appendix D was used. Results are presented in figures 1 through
10, appendix E.

"11. The aircraft is able to hover out-of-ground effect (OGE) at
53,950 pounds at sea level on a standard day using maximum contin-
uous power on both engines. This performance exceeds the PIDS
guarantee of 50,000 pounds by 7.9%.

3
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Table 1. Hover Performance Test Conditions

Wheel Pressure Altitude Referred Rotor
Height Range Speed Range
(ft) (ft) (RPM)

2060 212 - 227
5 4120 - 4140 214 - 229

9700 219 - 234

10 2060 214 - 229

9700 219 - 234

20 2060 215 - 230

2120 216 - 232
50 4000 - 4020 225 - 229

9540 219 - 232

100 9540 217 - 233

560 230 - 250
150 2060 220- -237

4100 - 4400 212 - 233
9620 - 9900 j 215 - 234

4



"Level Flight Performance

12. Level flight performance tests were conducted at the condi-
tions shown in table 2. The method of test is described in
appendix D. Fi~ures 13, 14, 18, 19, 29 and 30, appendix E presentnondimensional data gathered at three values of referred rotor
speed (215, 225, and 245 rpm). Range summaries are presented in
figures 11 and 12. Figures 15 through 17, 20 through 28, and 31through 33 present the dimensional level flight performance
data gathered during this test.

13. Figure 1 presents level flight performance calculated at the
PIDS guarantee conditions. The PIDS specifies a maximum level
flight airspeed of 155 knots true airspeed (KTAS) at sea level
standard day conditions. The actual performance (162.5 KTAS)
exceeds this guarantee by 7.5 KTAS. The YCH-47D PAE testing
(ref 1) found only 157.5 KTAS capability. The difference
between PAE and A&FC results is primarily caused by increased
power available rather than decreased drag since the previous
test. During the PAE the Lycoming Engine Specification No. 124.53,
dated 19 November 1975, was used to determine power available.
The current power available data is based on a 1983 Lycoming
computer program (see para 9). This later program specifies ahigher maximum continuous power rating. Figure 2 presents level"flight data at a thrust coefficient of 0.0055 and at three values
of referred rotor speed. As can be seen in the figure, thehighest referred rotor speed significantly degraded the level
flight performance.

Autorotational Descent Performance

14. Autorotational descent performance data were obtained at
gross weights of 33,720 and 47,880 pounds at approximately 100%
rotor speed. Data were obtained by stabilizing in autorotational
descents at incremental airspeeds between 50 and 120 knots
calibrated airspeed (KCAS). The rotor speed for winimum rate ofdescent was obtained by stabilizing at various autorotational
rotor speeds while maintaining approximate minimum rate of
descent airspeed. The data are presented in table 3 and
figures 34 through 36, appendix E.

5

" '± '•• '"~~~~~~~~~~~~~~~ ~~..•. . . . . . ....' ""- • " .' . . ..'---'.2 2.' ". ". .. -'. . . .- .



FIGURE I
LEVEL FLIGHT PERFORMANCE
CH47D USA S/N 81--23383

LYCOMINS TSS-L-712 S/N 71224 & 71226

GROSS LONGITUDINAL PRESSURE OAT ROTOR CT
WEIGHT CG LOCATION ALTITUDE SPEED
(LB) (FS) (FT) (DEG C) (RPM)

33000 330.ICMID) ZERO 16.0 225 0.004915

N'OTES: 1. N/~e= 225.0 RPM.
2. BALL-CENTERED FLIGHT.
3. SHP REQUIRED OBTAINED FROM FIG. 18 AND 19,

APPENDIX E.
4. SHP AVAILABLE OBTAINED FROM ENGINE MODEL

SPECIFICATION TSS-L-712 FILE NO, 19.31 .51 .13
DATED 27 JUNE 1983.
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FIGURE 2
ROTOR SPEED EFFECTS ON LEVEL FLIGHT PERFORMANCE

CH-47D USA S/N 81-23383
CT 0.0055

NOTE: CURVES OBTAINED FROM FIGS. t3, 14,t8,19,
"29 AND 30, APPENDIX E.
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Figure 3. Mission III Performance

MISSION III: Ambient~ Conditions 4000 Ft/9SDeg F.-

INTRNA PALOA NHOERNA PYOAD

VAF LAD WTH 0 MN.WARMUP LAND & OFFLOAD.

TAXI MAX. RANGE SPEED TAXI OUTBOUND PAYLOAD

LL
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Table 3. Autorotational Descent Performance

Minimum Rate, Minimum Rate
lAverage Gross of Descent of Descent Maximum Clide

- . Weight Airspeed Rotor Speed Distance Airspeed
"* I (pounds) (KCAS) (rpm) (KCAS_

33,720 76 tNot determined 106

47,880 90 224 111

15. The autorotational rate of descent was 2300 to 2500 feet per
minute (fpm) at the minimum rate of descent airspeeds and approxi-
mately 2700 fpm at the maximum glide distance airspeeds. Desired
rotor speed in stablized autorotation was maintained ±2 rpm
with moderate effort (MQRS 4) at airspeeds above 70 KCAS. Rotor
speed control was extremely difficult at lower airspeeds. The
"autorotational glide distance charts and recommended rotor speed
in the operator's manual are sufficiently accurate for operational
use. The autorotational descent performance is satisfactory.

Mission Performance

16. The mission III performance reauirements of reference 6 are
shown in figure 3. Table 4 shows a comparison of the PIDS guaran-
teed mission Ill performance to the actual misqion ITT perfor-
mance. The actual fuel reserve remaining at the end of the
mission III profile is 1331 pounds which exceeds the required
1219 pounds. The mission ITT performance of the C1-47D exceeds
the requirement of the PIDS.

HANDLING OUALITIES

General

17. Handling qualities of the CH-47D were evaluated at 41,000 lb
and 50,000 lb. At 41,000 lb, both forward and aft longitudinal
cg locations were tested. All tests were flown at a mid lateral
cg location. Unless otherwise noted, the aircraft was tested
with the heading select and altitude hold modes of the AFCS
disengaged. The single-point pressure refueling and AFCS heading
select capabilities were found to be enhancing features of the
aircraft. No deficiencies and 25 shortcomings were found. The
most significant shortcoming was the engine speed governing
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Table 4. Mission III Performance

PIDS Guarantee Actual Performance

Gross Fuel Gross Fuel
Weight Remaining Weight Remaining

Item (lb) (lb) (ib) (ib)

Engine Start 44,000 5239 44,000 5239

Engine warmup and taxi 43,916 5155 43,916 5155

Cruise outbound 100 NM 41,814 3053 41,901 3140

Land and offload 50% of load 34,450 3053 34,537 3140

Engine start, warmup, taxi 34,366 2969 34,453 3056

Cruise inbound 100 NM 32,616 1219 32,728 1331

NOTE: Pressure altitude 4000 feet, air temperature 95 degrees F

--.
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system which allowed large rotor speed excursion with changes in
power setting or airspeed. Also significant were cockpit vibration
"levels at and above cruise airspeeds, and the easily-excited
three-axis aircraft oscillation caused by differential rotor mast
torque oscillations.

Flight Control System Mechanical Characteristics

18. Control forces were measured on the ground with the rotors
static and external units furnishing AC electrical power and
utility hydraulic pressure. The number 1 and 2 1 )wer transfer
units provided flight control hydraulic pressure. Control forces
were measured with a calibrated hand held force gauge, and were

*.- qualitatively confirmed in flight. AFCS was off, and control
centering was engaged during all ground measurements. The data
are presented in figures 37 through 40, appendix E.

"19. The longitudinal cyclic control was trimmed to the neutral
position (marked N) on the longitudinal cyclic stick position
indicator. The longitudinal breakout plus friction force was
2.5 pounds for both forward and aft displacement. The force
gradient for the first inch of travel from trim, both fore and
aft, was at least equal to the breakout plus friction force.
The forward and aft longitudinal stick force gradients were
always positive (increasing force for increasing displacement
from trim) and approximately 1.0 pound per inch forward and aft.
The gradients were essentially linear, the control force for
maximum displacement was approximately 10 pounds for forward
travel and 9 pounds for aft travel. Longitudinal cyclic trim
fr-eplay was less than 0.1 inch. The longitudinal cyclic control
force characteristics are satisfactory.

20. The lateral breakout plus friction force was 2.5 pounds for
right displacement and 2.1 pounds for left displacement. The
lateral force gradients left and right were approximately
1.2 pounds per inch with no objectionable discontinuities. Control
force for maxxmum displacement was approximately 9 pounds left and
right. Trim freeplay was less than 0.1 inch. The lateral control
force characteristics are satisfactory.

21. The directional breakout plus friction force was approximately
6 pounds for left displacement and 7 pounds for right displace-
ment. The force gradients were approximately 6 pounds per inch
left and right with no objectionable discontinuities. Trim free-
play was less than 0.1 inch. Control force for maximum displace-
ment was approximately 30 pounds left an' right. The directional
control force characteristics are satisf-ctory.

"12
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22. The thrust control force characteristics were evaluated with
the Thrust Control Brake switch taped depressed, so that the
thrust control magnetic brake was disengaged. The breakout plus
friction was approximately 4.5 pounds when started from the ground
detent and moved upward and 1.5 pounds when started from the full
up position and moved downward. At the ground detent position,
approximately 1.4 inches abovre full down, a spring opposes down-
ward movement of the thrust control. From the ground detent down-
ward breakout plus friction force was q.o pounds. The force
gradient was approximately 3 pounds per inch, and control force
for full down displacement ws approximately 15 pounds. Since
all static measurements were taken with the thrust control
rod magnetic brake switch depressed, the in-flight values were
increased by the amount of magnetic brake force when the switch
was not depressed. This combined force provided adequate in-flight
thrust control force characteristics. The thrust control force
characteristics are satisfactory.

Control Positions in Trimmed Forward Flight 6

23. Trim flight control positions were evaluated with both AFCS
systems on in conjunction with the level flight performance
tests at the conditions specified in table 2. Representative
data from light and heavy gross weights with forward and aft
centers of gravity are presented in figures 41 through 44. The
longitudinal control position gradient with airspeed was conven-
tional in that increased forward control position was required
to trim at Increased airspeeds. The gradient was approximately
one inch of longitudinal stick displacement per 80 KCAS and was
essentially linear. Lateral control trim changes were less than
3/4 inch; however, more lateral control trim variation occurred
with airspeed changes at the heavier gross weights than at the
lighter gross weights. Directional control trim changes were
negligible (less than 1/4 inch displacement throughout the air-
speed range tested). Pitch attitude remained essentially constant
from the minimum airspeed tested through 90 KCAS. The pitch
attitude became more nose-down as airspeed increased above
90 KCAS. Nose-down attitudes of 8 degrees were observed at the
maximum level flight speeds tested. Longitudinal, lateral, and
directional control position variation with cg location and
gross weight were insignificant. Pitch attitude changes with
collective inputs were negligible with both AFCS systems opera-
ting. The trim control position characteristics of the CH-47D
are satisfactorv.

Static Longitudinal Stability

24. Static longitudinal stability characteristics were evaluated

at the conditions listed in table 5. The helicopter was stabil-
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Table 5. Static Longitudinal Stability Test Conditions

Average Average Average Trim
Gross Longitudinal Density Average Calibrated
Weight Center of Gravity Altitude OAT Airspeed I Flight AFCSI

(lb) (FS) (ft) (Deg C) (kt) I Condition Condition

S74 Level

40,620 312.7 (fwd) 4580 16.5 130
to to to to Level _imb_ _-

41,860 312.8 (fwd) 5040 17.0 93 Descent

41,020 318.5 (fwd) 4780 23.0 74 A. B
to to to to 88 Level and42,800 318.8 (fwd) I 5460 24.0 129 C

38,820 318.7 (fwd) 4940 20.0 94 A, B
to to to to to Climb and

40,900 318.8 (fwd) 5460 23.5 97 C
_____ .I*----i "

40,820 318.5 (fwd) 4720 18.5 94 IA, B
to to to to to Descent I and

42,520 318.7 (fwd) 5740 20.5 95 I C

73
41,380 345.0 (aft) 4820 20.5 130 Level

to to to to Climb A
42,760 346.0 (aft) 5420 21.0 94 Descent

41.620 337.0 (aft) 4800 18.5 73 A, B
to to to to 93 Level and

42.960 337.7 (aft) 5240 25.0 129 C

40,200 337.9 (aft) 4960 18.0 90 A, B
to to to to 9to Climb and

41,7d0 338.9 (aft) 5520 22.5 I 95 C

1I IA,

39,500 I 338.7 (aft) 4880 17.5 92 A, B
to to to to to I Descent and

39,980 I 339.4 (aft) 5440 22.0 94 I C

74

48,840 331.5 (aft) 4880 26.0 88.,
to to to to and Level and

51,040 332.3 (aft) 5200 27.0 110 C

47,680 332.4 (aft) 5000 25.5 I A, B
to to to to 94 Climb and

I 48,420 332.6 (aft) 5520 I 26.5 I I C

48,220 331.5 (aft) 5400 93 A, B
to to to 22.5 to Descent and

49,380 331.9 (aft) 5540 94 C

NOTE: A = Both systems on, B - System No. 2 on, C - Both systems off
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ized in ball-centered flight at the desired trim airspeed and
flight condition. The thrust control was held fixed while
"airspeed was varied ±20 knots about trim in 5-knot increments.
Representative test results are shown in figures 45 through 68,
appendix E.

25. Dual AFCS static longitudinal stability, as indicated by the
variation of longi,'udinal cyclic control position with airspeed,
was positive (forward longitudinal cyclic control position at
airspeeds greater than trim). There were some nonlinearities at
airspeed variations greater than 10 knots from trim, hut this
did not degrade the helicopter handling qualities. Control
force cues of longitudinal cyclic control displacement from trim
were adequate. Static longitudinal stability characteristics
were essentially the same during climb, descent and autorotation.
The maximum variation of lateral cyclic control position and
directional Pedal control position with airspeed about trim were
approximately 0.4 inches and presented no problems in control of
the helicopter. Pitch attitude remained essentially unchanged
from the trim value. Desired cruise airspeed was easily main-
tained within ±2 knots indicated airspeed (KIAS) in smooth air
with no pilot compensation (HORS 2). The dual AFCS static longi-
tudional stability characteristics are satisfactory.

26. Single AFCS static longitudinal stability was essentially
neutral, at approximately maximum endurance airspeed (73 KCAS) in
level flight as airspeed was decreased from trim airspeed. Other-
wise single AFCS static longitudinal stability was similar to
dual AFCS static longitudinal stability. Maximum endurance air-
speed was easily maintained within ±3 KIAS with single AFCS
by making small ±1/4 Inch longitudinal cyclic control inputs
approximat-ly every 5 seconds (FORS 4). The single AFCS static
longitudinal stability characteristics are acceptable for a
degraded mode and are satisfactory.

27. AFCS off static longitudinal stability was negative at
approximately maximum endurance airspeed (73 KCAS) and negative
to neutral at cruise airspeed (129 KCAS). Maximum endurance
airspeed could be maintained within ±5 KIAS with AFCS off
only with considerable effort by making large (±1/2 inch)
longitudinal cvclic control Inputs approximately every 5 seconds
(HORS 7). The helicopter was controllable with both AFCS off.
The AFCS off static longitudinal stability characteristics are Y
acceptable for a dual failure degraded mode.

Static Lateral-Directional Stability

28. Static lateral-directional stability characteristics were
evaluated at the conditions listed in table 6. The helicopter L
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Table 6. Static Lateral-Directional Test Conditions

Tim
Gross Longitudinal Density Calibrated
Weight Center of Gravity Altitude OAT idrspeed Flight AFCS!

(lb) __(FS) (ft) (Deg () (kt) Condition Condition

38,680 312.5 (fwd) 4640 I 17.0 129 Level
to to to to Climb A

39,980 312.7 (fwd) 5280 17.5 94 Descent

40,560 313.3 (fwd) 4780 23.0 74 A, B
to to to to III Level and

42,540 318.6 (fwd) 5400 24.'; 129 C

38.840 318.6 (fwd) 5060 18.5 93 A, B
to to to to to Climb and40,140 318.8 (fwd) 5760 23.5 95 C

40,860 318.5 (fwd) 5180 18.5 94 A, B
to to to to to Descent and

42,280 318.7 (fwd) 5380 19.5 95 C

73
39,780 346.3 (aft) 4700 20.0 129 Level

to to to to C'ýlimb j A

40,980 347.2 (aft) 5360 21.0 94 Descent

41,080 336.9 (aft) 4620 22.0 t72 A.B
to to to to 113 Lev-1 and

42,980 338.0 (aft) 5080 22.5 129 C

39,940 337.5 (aft) 5140 22.5 93 A, 8
to to to to to Climb and

42,140 338.9 (aft) 6100 23.5 95 C

39,260 338.7 (aft) 5480 93 A, B
to to to 23.0 to Descent and

39,980 339.4 (aft) 5640 95 C

112 4
_-to

47,200 331.0 (aft) 4700 22.5 119 j A, B, C
to to to to 72 Level land

50,400 332.0 (aft) 5640 27.5 to D
74 _

47,820 331.7 (aft) 5160 27.0 94 A, B
to to to to to Climb and

48,920 332.0 (aft) 5520 27.5 95 C
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was stabilized in hall-centered flight at the desired trim air-
speed and flight condition. The thrust control was held fixed
and sideslip angle was varied in approximately 5-degree increments
(left and right) while maintaining constant rotor speed and
airspeed. Representative test results are shown in figures 69
throrgh 93, appendix E.

29. Dual and single AFCS static lateral-directional stability
characteristics were nearly identical. Static directional
stability, as indicate( )y the variation of directional control
position with sideslip angle, was positive (left pedal for right
sideslip angles) and essentially linear. Directional control
position variation with sideslip had nearly the same gradient
for all dual and single AFCS forward flight conditions tested.
Dihedral effect, as indicated by the variation of lateral cyclic
control position with sideslip angle, was positive (left cyclic
control for left sideslips) and essentially linear. The gradient
of lateral cyclic control position with sideslip angle was
primarily affected by airspeed. For a given sideslip angle,
increased lateral cvclic control displacement from trim position
was required as airspeed increased. Roll attitude variation
with sideslip angle was minimal at best endurance airspeed.
Sideforce cues in uncoordinated flight were not discernable at
bank angles less than ±3°, which equated to sideslip angles
of approximately 150 left or right at 73 KCAS. The bank angle
gradient with sideslip increased as airspeed or engine torque
increased. Longitudinal cyclic control trim changes during
steady heading sideslips were not objectionable and were charac-
terized by a slight requirement for aft longitudinal cyclic
control as sideslip was increased left or right. Directional
control force was the first cue to the pilot of an out of trim
condition. Sideforces were not a good cue to out-of-trim
conditions except in 1igh power climbs or high speed flight.
However, pilot workload required to maintain coordinated flight
with dual or single AFCS was quite low. The heading and bank
angle hold leatures of the AFCS were disengaged during steady
heading sideslip maneuvers because the lateral cyclic and direc-
tional pedals controls are out of the trim detent positions.
During cruise flight, with the controls in the detent positions,
the aircraft trim condition could be maintained within
±o of heading or bank angle, and ±1/2 ball width with
no pilot compensation (HORS 2). Dual and single AFCS static
lateral-directional stability characteristics are satisfactory.

30. AFCS off static directional stability was essentially neutral
in level flight (no directional pedal control position variation
with sideslip angles) and was neutral to positive in climbs and
neutral to negative in desrents. AFCS off dihedral effect was

L
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the same as during dual or single AFCS flight. The requirement
"for aft longitudinal control increased during AFCS off flight as
left sideslip increased to a maximum of about 1.3 inches aft
during partial power descents at 95 KCAS and 280 left sideslip.
Some slight forward or aft longitudinal cyclic control was
required for right sideslips with AFCS off. Roll attitude varia-
tion with sideslip angle was essentially the same a3 during AFCS
on flight. The weak sideforce cAes and lack of direztional pedal
control force cues in an out of trim condition greatly increased
pilot workload during AFCS off flight, although aircraft control
could be maintained. Extensive pilot effort was required to
maintain coordinated forward flight within 11 ball width
(HORS 7). AFCS off static lateral-directional stalbility charac-
teristics are acceptable for a dual failure dt graded mode.

Maneuvering Stability

31. Maneuvering stability was evaluated at 73 KCAS, approximately
50,000 pounds gross weight and mid cg by establishing the trim

* -condition of level, coordinated flight and then incrementally
' - increasing load factor by increasing bank angle while holding

- -airspeed and thrust control position constant (fip. 94, app E).
Maneuvering stability was also qualitatively evatuated during
mission maneuvers and during pullups and pushovers. Maneuvering
stability, as indicated by the variation of longitudinal cyclic
control position with normal load factor was negaitive (forward

• cyclic control as normal load factor increased). Normal acceler-
ation was easily controlled (±0.1 g) during pull-up and push-
"over maneuvers. Airspeed in turns up to the maximum bank angles
was easily maintained within ±3 knots (HORS 3). The maneuver-
ing stability characteristics did not degrade the mission capabil-
ity of the CH-47D. The maneuvering stability characteristics
are satisfactory for the CH-47D mission.

Dynamic Stability

32. Dynamic stability characteristics were evaluated at the

conditions listed in table 7. The helicopter short-term response
was investigated in all axes in forward flight and hover. Long-
term response, lateral-directional dynamic characteristics,
adverse yaw, and spiral stability were evaluated in forward
flight. Representative time histories are shown in figures 95
through 103, appendix E.

Longitudinal Short Term Response:

33. Short-term response was evaluated in hover and forward flight
by using mechanical fixtures to introduce longitudinal and
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Table 7. Dynamic Stability Test Conditions 1

Average Average Average Calibrated
Gross Longitudinal Density Average Trim
Weight Center of Gravity Altitude OAT Airepeed Flight Type

(Ib) (FS) (ft) (Deg C) (kt) Condition Test 2

42,740 318.3 (FWD) 5,560 18.0 0 Hover A

39,220 318.6 (FWD) 11,560 ii.0 I 0 Hover A

Climb A
95 Descent A

40,840 318.7 (FWD) 6,740 20.5

75 Level A & B
130 Level I A & B

42,960 337.1 (AFT) 5,520 15.0 0 Hover A

40,880 338.3 (AFT) 11,340 4.0 0 Hover A

Climb A
95 Descent A

40,200 347.0 (AFT) S 900 25.5

75 Level A& B
J30 1 Level A &B

" 51,160 330.9 (MID) 3,780 24.0 0 Hover A

SClimb A
95 Descent A

48,740 331.7 (MID) 6,080 27.0 _

75 I Level A & B
130 I Level A & B

NOTES:

1 AFCS both ON, both OFF and one system OFF.
2 Type of Test: A = Longitudinal and directional pulse inputs, lateral doublet inputs;

B Longitudinal long-period stability and spiral stability tests.

19



directional control pulse inputs and lateral ci, trol doublet
inputs. The flight controls were then held in the trim position
until helicopter response was coiipletely damped or recovery was
necessary. Three axis coupled helicopter resp~onme iras excite.
after control inputs in one axis and is discussed -;eparately in
paragraph 34. Helicopter short-term response was l½avily damped
and essentially deadbeat in pitch. A maximum of t bo overshoots
were observed in roll and yaw. The helicopter returned to a
trimmed attitude following the control input. Tie helicopter
was easily maneuvered to a desired attitude, and exhibited
adequate controllability. The dynamic short-term rasponse char-
acteristics are satisfactory.

Three Axis Oscillation:

34. The CH-47D exhibited a differential torque oscil ation between
the forward and aft rotor shafts which exceeded t| eir endurance
limit. The oscillation appeared in flight as a 3 axs corkscrew
motion with a period of about 0.8 seconds. The three axis oscilla-
tion was driven by the pitch AFCS and was easily excited in light
turbulence or in calm air with small abrupt cyclic inputs. The
amplitude of the oscillation was greatest during high power
maneuvers at light gross weight. The problem wis documented
early in the A&FC program and resulted in the test oiircraft being
bailed back to BV to conduct a flight test programn designed to
alleviate the structural problems with minimal handling qualities
degradation. The aircraft was evaluated with modifications to
the AFCS. The final configuration reduced the AICS pitch rate
gain from 10.3 to 8.9 inches of equivalent stick per radian per
second and the pitch rate washout time constant fronm 0.050 seconds
to 0.042 seconds. This new production AFCS configurition appeared
to solve the structural problem although the osc llation still
exists and significantly degrades the handliig qualities,
particularly in high power maneuvers at light gross weights.
The typical response is lightly damped with 3 to 4 -overshoots.
The flight crew experiences lateral body motion which is quite
uncomfortable even when experienced over a short Juration. This
three-axis oscillation is further discussed in a previous report
(ref 16, app A). The easily excited three axis oscillation is a
shortcoming.

Longitudinal Long Term Response:

35. The dual AFCS long-term response was evaluated in forward

flight by displqcing the longitudinal cyclic control to decelerate
the helicopte' 10 KIAS below trim airspeed, then returning
the longitudinal cyclic control to the trim position. Helicopter
response was essentially deadbeat. The helicopter returned to
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the original trim airspseed in 30 to 60 seconds with no detestable
overshoots. The dual AFCS long-term response characteristics
are satisfactory.

Lateral-Directional Response:

36. Dual AFCS lateral-directional dynamic characteristics were
evaluated following release from steady heading sideslips. Heli-
copter response was damped, with a maximum of two overshoots
observed at 73 KCAS. Response at 127 KCAS was essentially dead-
beat. The helicopter maintained the existing bank angle or heading
when the controls were returned to the trim detent position and
yaw and roll rates were less than 1.5 degrees per second. Except
for the three axis oscillation motion noted in paragraph 34, no
handling qualities problems were noted Juring flight in moderate
turbulence. The lateral-directional dynamic characteristics are
satisfactory.

37. Adverse yaw was evaluated during cyclic only turns. A slight
amount of adverse yaw, approximately 1 degree opposite heading
change, was detected during rapid entry cyclic only left or right
turns. The adverse yaw was not noticeable to the pilot, and no
directional pedal control input was required to bank the helicop-
ter into a turn. The adverse yaw characteristics are satisfactory.

38. Spiral stability vs evaluated in forward flight by establish-
ing a left or right 50 bank angle with directional pedal control
only, then returning the pedals to the original trim position.
Spiral stability, as indicated by the tendency of the helicopter
to return to a level roll attitude, was positive. The helicopter
returned to a level roll attitude at approximately the same
rate that the pedals were returned to the trim position. The
spiral stability characteristics are satisfactory.

Single AFCS:

39. Single AFCS dynamic stability characteristics were essential-
ly the same as dual AFCS, except that a pitch oscillation was
noted at heavy gross weight, high speed, high altitude or high
power forward flight. At approximately 50,000 pounds gross
weight, 120 KTAS in level flight, or 75 KCAS during intermediate
rated power (IRP) climb, a pitch oscillation was easily excited.
The amplitude was ±1 to 2 degrees pitch attitude change with
a 6 to 8 second period. Airspeed was maintained within ±2
KIAS with controls fixed. The pitch oscillation was lightly to
neutrally damped, and was excited by a longitudinal pulse control
input or by turbulence. The oscillation caused a slight increase
in crew fatigue but did not significantly degrade the mission
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capabilities of Khe helicopter. The single AFCS dynamic stability
characteristics are satisfactory. The following no'.e should be
added to the operator's manual.

NOTE

During single AFCS operation at be, vy
gross weight and high speed, high altitide
or high power, small pitch oscillations ray
occur and are normal.

AFCS Off:

"40. AFCS off dynamic stability characteristics were evaluated In

forward flight and hover. Helicopter responses to any control
input were aperiodic and divergent in pitch and yaw Helicopter
control was difficult and required large cor:rol inputs
(±l inch) every 5 seconds to maintain airspted ±10 KTAS
and heading and sideslip t5 degrees (HOPS 7). Tie AFCS off
dynamic stability characteristics permitted safe flight and
landing under VFR conditions, and were acceptable for a dual
failure degraded mode. The AFCS off dynamic stability character-
istics are satisfactory.

Ground Handling Characteristics

41. Taxiing with power steering required two pilotý. One pilot

operated the flight controls while the other pilot operated the
wheel brakes and steering control knob. The stee-ing control
knob was spring loaded to the zero turn position and could not be
released in turns. This prevented either pilot fra, performing
other necessary tasks such as copying instrument c Learances or
tuning radios while the helicopter was being taxied. This problem
was reported on Drevious model Chinooks (ref 12). lie inability
to ground taxi with power steering while performing ither cockpit
tasks is a shortcoming.

42. Ground handling characteristics were evaluated during four
wheel taxi at gross weights ranging from 24,200 to 52,000 pounds.
The aircraft was easy to maneuver using the power steering system.
Reducing rotor speed to minimum beep was effective dn preventing
the aircraft from becoming light on the aft gear when operating
at light gross weights. Excessive braking was required to maintain
a normal taxi speed with the thrust control at the ground detent
position. The taxi speed was controlled without excessive braking
under these conditions by positioning the thrust control below
the ground detent. The forward and aft rotor droo, stops were
instrumented to illuminate a caution light In the cockpit if
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droop stop pounding was imminent (blade flapping within 1.5
degrees of droop stop contact). The impending droop stop contact
caution light did not illuminate with the thrust control full
down and the cyclic and pedals moved through their ground limit
range. (0.75 inches right or left of neutral for directional
pedals, 2 inches Longitudinally aft and 1 inch laterally right
or left of neutral for the cyclic). The four wheel taxi charac-
teristics of the CH-47D are satisfactory. The operator's
manual limitation "minimum thrust control position not below the
ground detent dur;ng ground maneuvers" should be rewritten as
follows "At light gross weights it may be necessay to lower the
thrust control helow the ground detent to maintain a reasonable
taxi speed".

43. The two wheel taxi characteristics were also evaluated at
25,500 pounds and 35,500 pounds gross weight. Fixed longitudinal
cyclic positions from 1/2 inch to 2 inches aft were used to place
weight on the aft gear while thrust control was varied to control
pitch attitude and forward or rearward taxi speed. One inch aft

-* cyclic appeared to be the optimum longitudinal control position
while performing two wheel taxi. The longitudinal cyclic trim
(I.CT) actuators programmed from GND position to fully retracted
as the thrust control position was chapged or wind gusts affected
the aircraft causing it to become light on the aft gear. This
caused uncommanded pitch changes of ±3 degrees and required
continuous thrust control inputs to maintain the pitch attitude
within ±1 degree and a constant taxi speed (HORS 6). Manually
positioning the CXT's to the ground position reduced the amplitude
"of the uncommanded pitch changes approximately 50% making the two-
wheel taxi task slightly less difficult (HORS 5). The uncommanded
pitch changes were further reduced hy selecting single AFCS.
Proximity switches (squat switches) located on both of the aft t
landing gear wer(o activated when weight was on the gear causing
the AFCS pitch gain to be reduced by half and the LCT actuators
to program to the OND position. The No. I AFCS was controlled
by the proximity switch on the left aft gear and the No. 2 AFCS
was independently controlled by the proximity switch on the
right aft gear. Either proximity switch controlled both forward
and aft LGT actuators. In crosswind, the uncommanded pitch
changes were reduced only when the AFCS corresponding to the
downwind side was selected. With sufficient weight on either
aft gear, the proximity switch on that gear closed reducing the
pitch gain of the respective AFCS to half of the inflight pitch
gain. The upwind gear proximity switch appeared to be more
susceptible to cycling (opening and closing) because the weight
on that gear was less than the downwind gear. This caused the
upwind side AFC9 pitch gain to cycle from full to half which may
induce some of the uncommanded pitch changes. The uncommanded
pitch osci tlations during two wheel taxi is a shortcoming. Due to
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the complexity of determining which AFCS should be disabled
while performing the two wheel taxi with constantly changing
relative wind directions during turns, this procedure should not
be used to reduce the pitch instability. The LCT's should be
placed in MANUAL and programmed to the GND position while perform-
ing two wheel taxi if pitch oscillations are encount.ered.

Takeoff and Landing Characteristics

44. Takeoff and landing characteristics were evaluated throughout
the A&FC tests. Vertical takeoffs to a hover and to forward
flight, vertical landings from a hover, and rolling takeoffs and
run-on landings were performed. The aircraft was stable during
all the takeoff maneuvers and landings from a hover with no
unusual flight characteristics. The run-on landing handling
qualities were acceptable, although pilot workload increased
during the ground roll termination phase. The running landings
were performed with the longitudinal cyclic positioned as neces-
sary to establish the appropriate deceleration and landing atti-
tude. The aircraft pitch attitude was easier to control using
approximately one inch aft cyclic during the ground roll phase
of the landing. After touchdown on the aft gear the landing
roll was aerodynamically slowed to a stop by applying thrust and
maintaining approximately a 100 nose high pitch attitude. Pitch
oscillations of ±1 degree occured while slowing to a stop as
the weight on the aft gear caused the proximity switches to open
and close thus extending and retracting the LCT actuators (para-
graph 43). Although this pitching characteristic aFter touchdown
in a running landing increased the pilot workload it was of
short duration and the aircraft was easy to transition from two
wheel to four wheel taxi. The takeoff and landing characteristics
of the CH-47D are satisfactory.

Slope Operation Characteristics

45. Slope operation characteristics were qualitatively evaluated
at approximately 31,000 pounds gross weight in winds less than
5 knots. Aircraft attitude while on the slope was determined
from the production attitude indicator. Aircraft attitude was 80
for nose-up or nose-down slope and 130 for cross slope operations.
The AFCS CYCLIC TRIM was set to AUTO, and the parking brake was
set. Slope landing techniques used were described in the
operator's manual (ref 7). Nose up-slope landings and takeoffs
were easily performed with no sliding of the landing gear after
touchdown and required a forward cyclic control input of about
1/2 inch coordinated with thrust control application to lower or
raise the aft gear (HORS 3). Nose downslope landing and takeoff
required an aft cyclic control input of about I inch and more
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positive thrust control application when lowering or raising the
forward gear to prevent the helicopter from sliding downslope
(HORS 4). The ICT cycling between ground and retract position
caused pitch attitude oscillations during cross slope landings
and takeoffs when both aft gear were on the ground. Cross slope
landings and takeoffs with no pitch attitude oscillations were
performed by coordinating one inch aft cyclic input with thrust
control application after both aft gear were on the ground
(HORS 4), No ground resonance tendancies were encountered during
slope operations. Droop stop pounding was momentarily encountered
during a cross slope landing, but was eliminated after the flight
controls were repositioned. The slope landing characteristics
are satisfactory.

Power Management

46. The engine governing characteristicF were evaluated in hover
and forward flight. Pilot qualitative comments were made using
the aircraft's Droduction rotor speed indicator. Representative
time histories of transient and static rotor speed variations

during power changes are presented in figures 104 through 107.
Typical transient rotor speed droop characteristics during a

vertical takeoff to a 10 foot hover at 35,090 pounds gross weight
are shown in fI•'ures 93 and 94. Using a typical thrust application
rate (ground detent position to the thrust position required
for a stabilizod hover in 4 seconds) resulted in a rotor speed
transient droop of 7 rpm. A 2.5 second thrust application time
Increased the transient droop to 15 rpm. Similiar transient
rotor speed droop occurs during termination of an approach to a
hover and recovery from low power/high rates of descent.

47. A normal rate thrust increase from 40 to 90 percent dual
engine torque in forward flight at a constant airspeed (fig. 106)
resulted in a rotor speed static droop of 2 rpm. A corresponding
thrust decrease (fig. 107) produced a 2 rpm static increase.

48. Engine governing was also evaluated by performing accelera-
tions and decelerations from 30 to 140 KIAS with a constant
thrust setting. A static one rpm increase in rotor speed occurred
for every 30 knots increase in airspeed; likewise, during the
deceleration a one rpm decrease occurred per 30 knot decrease
in airspeed. D'irini! a typical takeoff, as thrust was increased
and takeoff ncceleration began, rotor speed was readjusted to
recover from static and transient droop. As the aircraft acceler-
ated the rotot sl}oed increased above 100 percent and had to be
reduced if the' rotor speed was allowed to increase more than
1 percent (2.5 rpm) the vibration levels increase significantly.
The rotor spe,, was usually adjusted 3 to 4 times during this
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maneuver. Engine torque splits reported in reference 1,
appendix A were observed but were of less magnitude than previous-
ly noted. Pilot workload in nearly all flight reghnes was sig-
nificantly increased because of the poor engine speed governing

. system. The poor engine governing system which allows large
rotor speed excursions with changes in power settinj, or airspeed
is a shortcoming.

Mission Maneuvering Characteristics

49. Mission maneuvers performed included internal and external
loads, and terrain flight. The maneuvers are described in the
Cargo Helicopter Aircrew Training Manual (ref 13). Loads con-
sisted of internal lead ballast, 4000 pound and 19,000 pound
tandem rigged external loads. With the helicopter oriented into
the wind, desired altitude and positon over the load were easily
maintained within ±1 foot with minimal control in,)uts (HORS 3)
allowing for rapid load hookup. An initial tendency to enter a
low amplitude (±20 roll attitude) lateral PIO was easily
compensated for by releasing the centering device release switch

. on the cyclic grip to engage attitude hold. Pilot workload
* increased slightly during hookup in a gusty 15 knot right cross-

wind. Frequent, small (±1/4 inch) cyclic and thrust control
inputs were required to maintain precise hover altitude and posi-
tions (±l foot) (HORS 5). The radar altitude hold mode of
the AFCS was not used. Crewmember interphone transmissions
frequently prevented the copilot from monitoring outside radio
calls during hookup because of the inability to disable the ICS
(para 81). Lateral-directional oscillations duriig high power
climbs and accelerations were easily excited by turbulence
(para 34). The oscillations were uncomfortable, increased pilot
"workload, but did not degrade external load stAbility. Poor
power management characteristics significantly iicreased pilot
"workload during terrain flight maneuvers (paras 46 through 48).
No other handling qualities or load stabilization problems were
encountered during these tests. The cruise guide indicator
(CGI) was an excellent pilot reference when approaching high
rotor system loads. The mean CGI value increased at extreme aft
"cg, or as gross weight, density altitude, airpseed, turbulence,
maneuver severity, or normal acceleration increaso.d. Except as
indicated above, the mission maneuvering characteristics of the
CH-47D are satisfactory.

Aircraft System Failures

Simulated Single Eng..ne Failures:

50. Simulated single engine failures %?re evaluated at
47,400 pounds average gross weight at 71 and 120 KCAS in level
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flight. Representative time histories are presented in figures 108
and 109. The engine failure was simulated by moving one engine
condition lever from the "FLIGHT" to the "GROUND' position and de-
laying for a specified time prior to lowering the thrust control.
"A simulated engine failure at 73 KCAS in level flight resulted in
rotor speed decaying to 211 rpm (94%) using a 2 second delay. At
120 KCAS the rotor rpm decayed to 213 rpm (95%) using a 1 second
delay. The simulated engine failures were easily detected by
change in engine and transmission noise, split in engine torques,
and decreased rotor rpm. No unusual attitude changes or control
forces were observed during the simulated engine failures and
subsequent transition to partial power descent. The single
engine failure characteristics of the C}P-47D are satisfactory.

Advanced Flight Control System Failure:

51. AFCS failures were evaluated at the conditions listed in
table 7. The AFCS failures were simulated using an AFCS pulser/
failure box provided by BV. The helicopter was stabilized at
the desired trit. condition, the failure introduced, and recovery
initiated when aircraft rates were completely damped or became
excessive. The failures were introduced to a single AFCS system
while operating dual AFCS. Representative time histories are
shown in figures 110 through 116.

52. AfCS Actuator: AFCS actuator failures caused one AFCS actuator
of the integrated lower control actuator (ILCA) to extend to full
authority. Pitch AFCS actuator failures caused a 2 to 4 degree
pitch attitude change in one second, then a return to trim atti-
tude about three seconds after the failure. Maximum pitch rate
was about 3 def!rees per second. Roll AFCS actuator failure
resulted in up to a 120 roll attitude change about 4 seconds
after failure, then a return toward trimmed attitude. Maximum
roll rate was about 4 degrees per second. Yaw AFCS actuator

failures produced a left or right yaw. Aircraft response to yaw
AFCS actuator failure was not repeatable between the two AFCS
systems. A typical response was a slowly divergent yaw attitude
change with 20' heading change 5 seconds after failure at 72 KCAS.
"Maximum rate was approximately 8 deg/sec. All AFCS actuator
failures either produced very little aircraft attitude change or
provided the pilot with adequate warning of the failure and
allowed for adequate time, over 3 seconds, before recovery was
necessary. The ILCA AFCS actuator failure characteristics are

satisfactory.

53. Collective Cockpit Control Driver Actuator (CCDA) Failure:
The Collective CCDA moves the cockpit thrust control, when baro-
metric or radat altitude hold is engaged, to maintain altitude.
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After the failure was introduced, the thrust controJ moved up or
"down from trim at a constant rate of aboit 0.75 inch per second.
"The CH-47D does not incorporate an engine overtenperature or
"transmission overtorque protection system; thereforp a CCDA "tp"
failure may cause an overtemperature or overtorque if not recog-
nized in time by the pilot. Dual engine torque (DiO) ii.creased
at a rate of 20% DEQ per second with 0.8 second time delay
after an "up" failure. During cruise flight at 129 KCAS.
41,060 pounds gross weight, 5520 feet density altitude, and 63%
DEQ, recovery was initiated 1.6 seconds after failure because of
excessive DEQ rate increase. The DEG increase was the primary
pilot warning of collective CCDA "up" failure unless the pilot
had his hand on the thrust control to detect the upvard movement.
At the flight conditions stated above the DEQ transmission torque
limit would be exceeded in an estimated 2.8 seconds af ter failure,
or 2.0 seconds after initial warning to the pilot. The excessive
rate of dual engine toroue increase after collectiv. CCDA failure
is a shortcoming.

54. Differential Airspeed Hold (DASH) Actuator Failure: DASH
actuator failure caused one section of the DAS}I actuator to
extend or retract at the velocity limit of approximately 0.25
inches equivalent longitudinal stick per second. Aircraft re-
sponse was nose up or nose down pitch attitude change that either
damped to zero pitch rate in about 2 seconds after 5 to 7 degree
pitch attitude change, or was divergent at constant pitch accel-
"eration of up to 2.5 deg/sec 2 . The divergent response was uncom-
for table because pitch rate continued to increase throughout
the maneuver to an estimated 7 deg/sec pitch rate and 12 deg
pitch attitude change three seconds after failure. Recovery was
easily performed, however, by making a longitudinal cyclic input.
Control margins were adequate and no aircraft ]initations were
exceeded. The DASH actuator failure characteristics are satis-
factory.

55. Vertical Gyro Failure: One vertical gyro was failed separately
in pitch and roll. Aircraft response to roll failures was similar
to the roll AFCS actuators failures. Pitch failure responses
were essentially identical to DASH actuator failures, except
"that rates were approximately 4 deg/sec one second after failure
"due to AFCS ILCA actuator hardover. Rates then dropped and were
essentially the same values as during DASH failures. The initial
higher rates were perceived as a slight jolt by the pilots and
provided a better warning of the failure without significantly
increasing pitch attitude change 3 seconds after failure, when
compared to the DASH failures. The Vertical Gyro failure charac-
teristics are satisfactory.
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VIBRATIONS

56. Vibrations In the cockpit and cabin areas were evaluated
throughout the conduct of the A&FC with a heavy instrumentation
package and the BV universal ballast system installed. After all
other tests were completed, the aircraft was returned to a
production configuration and flights were flown to check compli-
ance with the requirements of the Acceptance Test Procedure
(ATP), (ref 14) and of the PIDS, (ref 6). Data were measured by
accelerometers and processed by the fast Fourier transform (FFT)
method and by the Vibration Amplitude and Direction Indicator
(VADI). Appendix D further explains these methods. The VADI
was the only processing method available after the instrumentation
package had been removed.

57. Figures 117 through 130, appendix E present data processed by
the FFT method. Figures 131 through 133 show a comparison of data
processed by the two processing methods. Figures 134 through 137
present data processed by the VADI. All the tables also present
the pilot's assessment of the cockpit vibration levels expressed
as numbers on a rating scale (see appendix D). Table 8 presents
the ATP limits.

58. Vertical vibrations at 3/rev and 6/rýev in the aircraft cabin
increased with airspeed above 110 KCAS (figs. 117 through 121,
app E). These vibrations were quite high at typical cruise
airspeeds and above. Cockpit vibration levels did not increase
as rapidly with airspeed but they did become objectionable at
approximately 140 KCAS. The level of cockpit vibrations at
cruise airspeead and above is a shortcoming.

59. During A&FC testing, a comparison of the BV VADI to the
USAAEFA data system and method of reduction was made. Figures 131,
132, and 133 present data from each system in level flight,
climbs, and descents, respectively. The data were gathered at a
gross weight approximating that required for the vibration
guarantee by the PIDS (ref 6). The USAAEFA data are labeled
FFT because of the method of data reduction used. This method
results in an average value of the vibration acceleration at
each frequency of interest. The VADI system measures acceleration
and presents the information in terms of acceleration at frequen-
cies of interest also. However, there are two differences between
the VADI and the FFT. One is that the VADI data does not represent
an average acceleration but rather the 85 percentile value of
the peak acceleration over 20 rotor cycles. The other difference
is that the VADI information is presented in percent of the
limit specified for that location/direction in the ATP (ref 14).
There is little difference between the results from the two
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Table 8. Vibration Limits'

Tran3ducer

Location
ATP 2  PIDS3

Transducer Limits Limits
FS BL Direction Frequency (g) (g)

50 33 RT Vertical 1/Rev 0.07 ---

50 33 RT Vertical 3/Rev 0.25 ---

95 0 Lateral 3/Rev 0.15 0.20

320 44 LT Vertical 3/Rev 0.50 ---

320 25 LT Vertical 3/Rev --- 0.20

NOTES:

ITrue airspeed = 150 knots
2 See reference 14, Appendix A for aircraft configuration
3 See reference 6, Appendix A for aircraft configuration
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systems. The data in figures 131 through 133 were gathered in
very smooth air. The difference between the two systems may
increase as the level of turbulence increases.

60. The data in figures 117 through 133 were gathered with the
aircraft in a test configuration which may not be representative
of CH-47D aircraft in the field. Large, heavy ballast and
instrumentation systems were installed which may change the
vibration characteristics of the aircraft. However, the comparison
of the data systems is valid.

61. The purpose of the ATP is to allow checking of the vibration
levels in each production aircraft during the Army acceptance
flights without the extensive ballasting which would be required
to configure the aircraft as required by the PIDS vibration
guarantee. If the aircraft meets the requirements of the ATP, it
is assumed that it would also meet the PIDS requirements. In
order to see if that assumption is valid, flights were flown in
both the ATP and the PIDS configurations. The ballast system and
large instrumentation package were removed prior to these flights.
The vibration comparison is made on the basis of VAD! data only.

62. Figures 134 and 135 present data gathered in level flight at
the two configurations. There is little difference in pilot
ratings between the configurations, although the data from the
heavier PIDS configuration is approximately 10 percentage points
"higher than the ATP configuration data. Although the CH-47D
aircraft Pet the vibration requirements of the ATP and PIDS
configurations at 150 KTAS, the vibration levels at the pilot's
s'ation were objectionp',le and are a shortcoming (see para 58).

63. Figures 136 and 137 present data gathere,- in descents in the
two configurations. The ATP contains no requirements for checking
vibration levels in climbs or descents although the PIDS does.
The vibration levels in the ATP configuration are higher than in
the PIDS configuration in descents.

INSTRUMENT METEOROLOGICAL CONDITIONS (IMC) FLIGHT EVALUATION

64. The IMC eval,.ation was conducted during ferry flights and
approximately 3.8 hours of weather instrument time were flown,
inciuding I hour in light icing conditions. Procedures used
were in accordance with the Operator's Manual (ref 7) and approp-
riate publications. Generally the CH-47D perfo:med well in IMC
with reduced pilot workload when compared to previous model
CH-47 aircraft. All instrument tasks could easily be performed
to the standards listed in the Aircrew Training Manual (ref 13).
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No unusual performance or flying nualittes charý,ctt cistics were
noted during IMC flight.

"-" 65. The AFCS heading select capability reduced pilot woriload and
"allowed for very accurate course tracking. This wis especially
apparent when small (2 to 5 degrees), precise heading changes
were required such as during instrument landing system (ILS) final
approach. The AFCS heading select capability is an enhancing.

**.' characteristic.

"66. The position/nomenclature of the number I and number 2 VHF

AM/FH Radio Sets (AN/ARC-186) was confusing and increased pilot
worklIoad. The confusion arose because the radio sets did not
conform to the conventional arrangement of locating the number I
system on the left and the number 2 system on th( right. The
number I set, located on the right (number 2) side of the console,
and connected to the number I transmit-receive switches on the
Interphone control, was easily confused with the aumber 2 set
located on the left (number 1) side of the console which was
connected to the number 3 transmit-receive switches. This instal-
lation was not as described in the Operator's Manual. This
resulted in several occasions of transmitting oa the wrong
radio, increasing workload for both the pilots and Air Traffic
Control (ATC). The unconventional position/nomencldture of the
VHF AM/FM Radio Sets is a shortcoming.

67. The Course Deviation Indicetor (CDI) of tht non-command
selected Horizontal Situation Indicator (HSI) was ;laved to the
course that was set on the command selected PST in the VOIR mode.
The copilot, who normally performed navigation duties, was fre-
quently presented with an on-course or off-cour'-e Indication
that did not correspond with the course set on his IISI, or had to
take HSI command and disengage heading select. The lack of
independent Course Deviation Indicators for each pilot is a
shortcoming.

68. Shortcomings ohserved during other tests which degraded the
IMC capability are discussel in other paragraphs and listed below:

a. The lack of an ICS disable feature (Para 83). Crewmember
ICS transmissions frequently blocked ATC radio transmissions.

h. Three-axis oscillations in turbulence (para 34).

c. The lack of a disable feature for barometric altitude hold
mode of the AFCS on the flight control grips (para 86).

d. Engine torque oscillations in turbulence with BAROALT hold
engaged (para 87).
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e. Pilot's restr "ih d-of-view of the turn needle
(para 9).

f. Lack of doppler nautical miles per hour groundspeed read-

"out (para 88).

COCKPIT AND CABIN EVALUATTON

General

69. The cockpit and cabin were qualitatively evaluated throughout
the test program. The pre3ence of test instrumentation and
equipment was considered during the assessment. A night evalua-
"tion was not conducted because the test aircraft was not night
vision goggle compatible and thus not representative of produc-
tion CH-47D helicopters. Cockpit arrangement, field-of-view
comfort, normal procedures, mission equipment storage space, and
readability of gages and notations were satisfactory except as
discussed in the following paragraphs.

Ingress/Egress

70. Normal and emergency ingress/egress were evaluated with the
engines and rotors static. Normal ingress/egress was degraded
slightly from previous model (31-47 helicopters because of the .
reduced clearance between the overhead switch panel and the center
console, but normal ingress/egress provisions were still adenuate.
The exterior and interior cockpit emergency door Jettison handles
required 29 pounds of force to operate for emergency egress, as
measured 1 Inch from the end of the handle. Normal and emergency L
ingress and egress were satisfactory.

Cockpit Seats

71. The production CH-47D was equipped with the same model pilot/
copilot seats as the CH-47C. During long flights, it was found
that the seats became very uncomfortable due to "hot spots" and
a lack of seat ventiltation. The "hot spots" were probably induced
by the physical shape of the seat cushions which reduced the
normal blood circulation of the body. The discomfort caused by
the pilot/copilot soats in the CH-47D is a shortcoming.

L
Cockpit Leaks

72. Water leaking from the forward pylon area through the over-
bead switch panel and onto the console was noted during flight
through a rain shower, as previously documented (ref 4). The
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electrical switches, lights, and engine condition levers were
susceptible to short circuits when operating in this environment,
and pilot comfort was reduced. The water leaking into the cockpit
during flight through rain is a shortcoming.

Caution Panel

"73. The light intensity of the cautien panel segment legends, when
illuminated, was insufficient when exposed to direct sunlight.
This made it difficult to determine which caution segments were
illuminated and would delay the pilot's reaction to emergency
conditions. The lack of readily discernible cauLion panel segment
light in bright sunlight is a shortcoming.

Cargo Loading

74. The cargo compartment and ramp floor described in the Opera-
tor's Manual had no provisions (e.g. integral rollers in the
floor) for the easy loading and unloading of palletized cargo or
bulky, heavy items. A primary mission of the CH-47 is the internal
transport of large (approximately 3000 pounds) warhead sections.
The warheads are loaded and unloaded by the use of conveyer type
steel rollers. Loading takes approximately 30 minutes (ref 15).
Other items of bulky cargo must be winched or manhandled onboard.
If integral rollers were provided in the cargo compartment and
ramp floor, cargo could be loaded and unloaded from the ramp by
a forklift, greatly expediting the mission. The lack of provisions
for the easy loading and unloading of internal cargo is a short-
coming.

Crew Restraint

75. The armament subsystem M24, described in the Operator's
Manual includes M60D machine guns mounted in the cabin door and
the cabin escape hatch. The two gunners must stand behind the
machine guns during all phases of nap-of-the-earth flight in
combat in order to provide supressive fires. They must also be
in good position to view the rotor blades to insure that adequate
clearance is maintained. No crew seats were provided to reduce
crew fatigue and to provide personnel restraint in the event of a
hard landing or crash. The lack of gunner seats is a shortcoming.

Longitudinal Stick Position Indicator

76. The longitudinal stick position indicator is mounted on the
right side of the center console and is used by the pilot primar-
ily to monitor longitudinal stick position during ground maneu-
vers. The Indicator consists of a plastic tuhb etched with
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numbers corresponding to Inches and a red plastic slider which
moves inside the plastic tube. The tip of the slider indicates
the longitudinal position of the cyclic. The tube is not protec-
ted from contact by the pilot's foot during ingress or egress
and is therefore subject to damage. The susceptibility of the
longitudinal stick position indicator to damage is a shortcoming.

77. The plastic slider incorporates a red light installed at the
tip and the plastic tube has a red light at the lower end for
illumination at night. During night flight operations with the
cockpit lighting on, the light at the end of the slider and at
the lower end of the plastic tube produces a glare within the
tube causing the numbers to be unreadable. This renders the
indicator virtually unuseable at night. The lack of readability
of the longitudinal stick position indicator at night is a
shortcoming.

78. The longitudinal stick position indicator is monitored during
the flight control travel and hydraulics check to assure that the
proper range of longitudinal stick travel exists. The forward
2 1/2 inches of the indicator is blocked from the pilot's view by
the cockpit air control handle bracket. The obstructed field-of-
view of the forward end of the longitudinal stick position
indicator is a shortcoming.

Pilot's Turn and Slip Indicator

79. The pilot's turn and slip indicator is located on the lower
right side of the pilot's instrument panel. The housing for the
indicator lights are located at the top of the Indicator. This
housing extends over the face of the indicator blocking the top
of the turn needle and the rate of turn symbols from the pilot's
view. The pilot is, therefore, unable to determine the aircraft's
turn rate which is required during Instrument tasks such as
holdlng and approach. The pilot's restricted field-of-view of the
turn and slip indicator is a shortcoming.

SUBSYSTEMS TESTS

Pitot-Static System

80. The swiveling head pitot-static boom and standard ship air-
speed system were calibrated in level flight using the methods
described in appendix D. Additionally, the ship's system was
calibrated in climbs and descents using the boom airspeed system
as a reference. Checks were also made of the system with bubble
windows Installed in the second round window opening on each
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side of the aircraft (just ahead of the ship's static ports).
The boom system was also used as a reference for th18 calibration.
The airspeed calibration data are presented in figures 138
through 140, appendix E.

81. The ship's system airspeed calibration presented in the

Operator's Manual was confirmed during the A&FC for airspeeds
greater than 70 KIAS. At less than 70 KIAS the position error
is greater than that presented in the operator's minual (maximum
difference is 4.5 knots at 40 KIAS).

82. The ship's airspeed system has a larger posit on error when
bubble windows are installed just forward of the static ports
(see fig. 140, app E). The increased error results in a decrease
in indicated airspeed, which could cause the pilot to fly beyond
the airspeed limits without realizing it. Altitude errors could
not be calculated from the airspeed error because the ship pitot-
static system has errors in both total and static pressure
measurements. Ship's system indicated airspeed fluctuated ± 5 KIAS
with a 2 second period at 70 KCAS in a 2000 fpm climb, and the
ship's system altimeter indication fluctuated ±100 feet with
a one second period in a 2000 fpm descent at 70 KCAS. The ship's

* system vertical speed indicator also fluctuated during partial
power descents. IMC flight under these conditions could be
hazardous. Because of the adverse effect on the pitot-static
system, bubble windows should not be installed in the openings

just forward of the static ports.

Interphone System

83. The production CH-47D was equipped with a C-6533/ARC inter-
communication control panel (ICP). Because the ICP has no
intercom ON/OFF switch, the pilots had to monitor the aircraft
intercom at all times. This led to extreme communication
problems whenever one pilot had to converse with other members
of the flight crew and the other pilot was utilizing the aircraft
radios. Several times during the evaluation, radio transmissions
from air traffic control were missed or misunderstood because
intercom could not be shut off. The lack of an aircraft intercom
ON/OFF capability is a shortcoming.

Cargo Book System

84. The cargo hook system was evaluated with a 20,000 pound load
rigged in tandem to the fore and aft cargo hooks and redundant
slings to the center hook. The field-of-view fom the normal
crew chief position of both the fore and aft hook- was poor, as
reported previously (ref 1), and could lead to fuselage/load
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contact during load hook-up. The poor visibility of the fore
and aft cargo hooks during tandem rigged load operations remains
a shortcoming.

"85. The helicopter had no provisions to directly measure the
"weight of external loads. External load weight frequently is not
known, even by the supported ground unit. Load weight must be
known by the pilot for accurate performance planning. This is
especially important when conditions are different at the takeoff
and landing zones (e.g., landing zone is at a higher altitude
than the takeoff zone). The lack of an external load weight
measuring system is a shortcoming.

Advanced Flight Control System (AFCS) Altitude Hold

86. The CH-47D AFCS incorporates a barometric (BAROALT) and
radar altitude (RADALT) hold feature which can be engaged by the
pilo" zo maintain altitude. Radar altitude hold may be used
only during hover operations and barometric altitude hold may be
used during forward flight. The desired altitude hold function
is activated by depressing the BAROALT ENGAGED or RADALT ENGAGED
switch located on the right side of the center console. The
systems operate through the No. I AFCS computer and sense changes
In static air pressure or radar altitude deviations which corres-
pond to altitude changes. Changes in pressure or radar signal
produce an error signal which is processed by the AFCS and applied
to the CCDA. This actuator drives the thrust control In the
direction necessary to null the error signal thereby maintaining
a cnnstant pressure or radar altitude depending on which altitude
hol, function is engaged (BAROALT or RADATT). The CCDA has 100%
autf,)rity in the thrust aKis. The thrust control brake trigger
swit( - *m the thrust control rod when depressed places the alti-
tude function in a -ynchronization mode allowing the pilot
to ch- -t altitude with the thrust control rod. When the thrust
contre -- d trigger is released, the aircraft current pressure
or rad-c altitude is captured and becomes reference altitude for
AFCS error signals to maintain that altitude. The pilot must
remove his hand from the thrust control rod while reaching for
the BARO ALT or RAD ALT switch or request the copilot's assistance
when engaging or disengaging the barometric or radar altitude
function since the switches are located on the center console.
If the pilot elects to disengage the barometric altitude hold
function after initiating a descent, he must release the thrust
control (thrust control rod trigger) which causes the thrust
control to increase attempting to arrest the rate of descent and
maintain the altitude at which the thrust control rod trigger
was released. The requirement to disengage barometric altitude
hold frequently occurs during a descent for approach when the
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copilot is making radio calls. The copilot mov, therefore, he
unable to hear the pilot's request to disengage the barometric
altitude hold feature. The requirement for the pilot to release
the thrust control or request copilot's assistance to engage or
disengage the barometric altitude or radar altitude hold feature
is a shortcoming. The barometric altitude and radar altitude
engage and disengaged switches should be relocated such that
these features may be engaged and disengaged by the pilot without
releasing the flight controls.

87. The barometric altitude hold function significantly reduces
pilot workload but appears too sensitive to small barometric
pressure changes. Two pprcent engine torque fluctuations occur
during level flight in extremely smooth air conditions and alti-
tude is maintained within ±10 feet. in light turbulence as
much as a 10 percent fluctuation were observed. Normal piloting
technique to maintain altitude with the BAROALT hold off is to
allow altitude variations of ±50 feet using infrequent small
thrust control changes. The system would he adequate if modified
to allow greater altitude variation and to minimize the engine
torque fluctuations. The engine torque fluctuations in smooth
air with the haromet: c altitude hold feature engaged is a short-
coming.

Doppler Navigation Set

88. During the cockpit evaluation of the Doppler Navigation Set
(AN/ASN-128) it was noted that the present doppler configuration
only displays distances and ground speeds in kilometers and
kilometers/hour respectively. As a result, the pilots must
convert distance and ground speed into nautical miles and knots
to make the doppler information compatible with sectional aero-
nautical charts, FLIP manuals and the airspeed indicators. The
inability of the Doppler Navigation Set (AN/ASN-128) to display
distances and ground speed in units of nautical miles is a short-
coming.

In Flight Engine Starts

89. In flight engine starts were performed on both engines inde-
pendently at 87 KCAS, and 5000 feet and 10,000 feet density
altitude. The desired engine was shut down, power turbine inlet
temperature (PTIT) allowed to cool to approximately 150*C, then
the engine was restarted using checklist procedures. Hydraulic
power was supplied to the respective engine start motor by the
transmission mounted utility hydraulic pump. All engine parameters
remained within allowable limits during the start sequences.
The gas producer speed took slightly longer to reach 10% N1
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speed than durfng auxiliary power unit (APU) starts, but this
was not objectionable. During all engine starts, the engine
speed was stabilled at ground idle prior to 45 seconds after
the start was initiated. The highest transient PTIT was 700 0 C
when the start switch was selected from START to MOTOR at 400 0 C.
Otherwise, the transient PTIT remained below 600*C, when the
start switch was moved from start to motor at 350*C. The inflight
engine start characteristics are satisfactory.

Pressure Refueling System

90. The pressure refueling capability allowed for extremely short
refueling times at civilian and USAF airfields during cross

* . country flights. Servicing was often completed in ten minutes
as compared to a nominal 20 to 30 minute required for single
hose, open port refueling. This reduced crewmember exposure time
in inclement weather and increased safety and mission capability.
The pressure refueling capability is an enhancing characteristic.
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CONCLUSIONS

GENERAL

91. The following conclusions were reached upon completion of the

CH-47D A&FC:

a. No deficiencies and 25 shortcomings were identified.

b. The CH-47D exceeded the following PIDS performance
guarantees:

(1) OGE hover performance at maximum continuous power at sea

level, standard day conditions, is 53,950 pounds, which exceeds
the 50,000 pound guarantee by 7.9%.

(2) Maximum airspeed in level flight at 33,000 pounds at sea

level, standard day conditions, using maximum continuous power is
162.5 knots, true airspeed, which exceeds the 150-1not guarantee
by 8.3%.

(3) Mission III performance profile can he accomplished with
fuel reserves in excess of that required by the PIDq.

ENHANCING CHARACTERISTICS

92. The AFCS heading select capability is an enhancing character-
istic (para 65).

93. The pressure refueling capability is an enhancing character-
istic (para 90).

SHORTCOMINGS

94. The following shortcomings (as defined in app D) were identi-
fied and are listed in order of importance:

a. The poor engine governing system which allows large rotor
speed excursions with change in power setting or airspeed
(paras 46, 47, and 48).

b. The high level of cockpit vibrations at and above cruise
airspeed "para 58).

The easily excited three axis aircraft oscillation
(para 34).

d. The lack of an aircraft intercom ON/OFF capability
(para 83).
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e. The excessive rate of engine torque increase after
collective CCDA failure (para 53).

f. The requirement for the pilot to release the thrust

control or request copilot's assistance to engage or disengage
the barometric or radar altitude hold feature (para 86).

g. The lack of provisions for the easy loading and unloading
* of internal cargo (para 74).

h. The uncommanded pitch oscillations during two wheel taxi

(para 43).

i. The unconventiona. position/nomenclature of the VHF AM/FM

radio sets (para 66).

1. The engine toroue fluctuations in smooth air with baro-
metric altitude hold feature engaged (para 87).

k. The lack of independent Course Deviation Indicators for

each pilot (para 67).

1. The restricted field-of-view from the crew chief position
of the fore and aft cargo hooks during tandem rigged load opera-
tions (para 84).

m. The lack of gunner seats for the M24 armament subsystem
(para 75).

n. Water leaking into the cockpit during flight in rain

(para 72).

o. The inability to ground taxi with power steering while
performing other cockpit tasks (para 41).

p. The pilot's restricted field-of-view of the turn and slip
indicator (para 79).

q. The lack of an external load weight measuring system

(para 84).

r. The inability of the Doppler Navigation Set to display
distance and ground speeds in units of nautical miles (para 88).

s. The lack of readability of the longitudinal stick position
indicator at night (para 77).

t. The lack of readily discernable caution panel segment
lights In bright sunlight (para 73).
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u. The susceptibility of the longitudinal stick position
"indicator to damage (para 76).

v. The obstructed field-of-view of the forward end of the
longitudinal stick position indicator (pa-a 78).

w. The uncomfortable pilot/copilot stats (para 71).
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RECOMMENDATIONS

95. The shortcomings listed in paragraph 94 should be corrected
as soon as practicable.

96. The harometrtc altitude and radar altitude engage and disen-
gage switches should be relocated such that these features may
be engaged or disengaged by the pilot without releasing the
flight control (para 86).

97. The operator's manual (paras 8-27, ref 7, app A) should be
changed to eliminate the sentence which reads "This amount of
thrust and moderate braking will maintain a reasonable taxi
speed". The sentence should be replaced by the following sentence:
"At light gross weights, it may be necessary to lower the thrust
control rod below the ground detent to maintain a reasonable taxi
speed" (para 42).

98. The following sentence should be added to paragraph 8-28 of
the operator's manual (ref 7): "The longitudinal cyclic speed
trim actuators should be placed in MANUAL mode and programmed to
the GRD detent during two wheel taxi" if pitch oscillations are
encountered (para 43).

99. The following note should be added to the operator's manual

(para 34).
L

NOTE

During single AFCS operation at heavy gross
weight and high speed, high altitude or high
power, small pitch oscillations may occur and
are normal.

100. Bubble windows should not be installed in the openings just
forward of the static air pressure ports (para 82).
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APPENDIX B. AIRCRAFT DESCRIPTION

"GENERAL

1. The CH-47D is a twin-turbine engine, tandem rotor helicopter
(figs. 1 and 2, and photo 1) designed for internal and external
cargo transport during visual and instrument, day and night

operations. It is powered by two T55-L-712 turboshaft engines
housed in pylons mounted on the aft fuselage. The engines drive
tandem, threebladed, fully-ar ticula ted, counterrotating rotors.

The drive trair system co:tsists of two engine transmissions, a

combining transmission, and a forward and aft transmission. The
combining transmission receives power from the engine transmis-
sions and drives the forward transmission through drive shafting
housed in a tunnel along the top of the fuselage. The aft trans-
mission is driven by a drive shaft running from the aft section
of the combining transmission. A gas turbine auxiliary power
unit mounted in the aft pylon, drives a ihydraulic pump and a

* 20 KVA generator to provide power to the aircraft systems when
the rotors are stationary. Fuel is carried in six tanks mounted
in pods on the sides of the fuselage. The helicopter is equipped
with four nonretractable landing gear with power steering provided
by the right aft gear. Entrance to the helicopter is provided
through a door located on the forward right side of the cargo com-
partment or through a hydraulically operated cargo ramp located at
the rear of the cargo compartment. The helicopter is equipped with
standard tandem rotor cockpit controls and an advanced flight
control system (AFCS) described below.

"2. The general helicopter arrangement and dimensions are s.,n
Sin figures 1 and 2. Specifications are given in 'able 1.

FLIGHT CONTROLS

General

3. The irreversible, electrohydraullc flight control system is
powered by two independent hydraulic boost systems, each operating
at 3000 psi pressure. Control inputs from the cockpit are
transmitted through mechanical linkage to the integrated lower
control actuator (ILCA) which then transmits individual axis-
oriented control motions to the mechanical mixing units. The
mixed outputs are then transmitted through a series of push-pull
tubes to the upper dual-boost actuators attached to the forward
and aft swashplates.
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Table 1. Specifications - CH-47D Helicopters

•i CH-47D

Blade area - each ........ ........ 80 sq ft.

Blade area - total .............................. 480 sq ft.
"Rotor disc area -each ............... 2,827 sq ft.
Rotor disc area - total ........................ 5,655 sq ft.
Airfoil - root (INBD to 85% ...................... VR7
Airfoil - tip ............. ..... .... VR8
Aerodynamic chord length - root and tip ......... 32.0 in.
Pitch axis -% of chord ....................... 25%
Blade pitch range - aft ......................... -21.39 to + 39.85
Blade pitch range - fwd .............- 211.39 to + 39.85

Blade twist from CL of rotor to blade tip ....... 12 degrees
Coning stop angle ............ I................... 30 degrees

SCollective pitch (thrust) ....................... I degree - 18 degrees
i•-Rotor disc loading (50,000 gross weight) ..... 8.84 ib/ft2

- Solidity ratio .................................. 0.0849
Normal rotor rpm ................................ 225

- Rotor rpm - max. autorotatlon ................... 244
D~o Transmission ra ting

.Twin engine ................... 7500 HP @ 225 RPMSingle engine ................. 4600 HP @ 225 RPM

Gear ratio - engine to rotor .................... 66.96 to I
Tip speed- normal .707 FPS
Weight empty .................................... 22,784 lb
Design useful load .................... .......... 10,216 lb

Design gross weight ................... .......... 33,000 lb
Maximum gross weight .................. .......... 50,000 lb
Maximum fuel capacity ........................... 1030.85 gal.
Engine model designation ...................... LYC T55-L-712
Uninstalled power ratings (sea level standard day)

Max rated SHP @ 15066 RPM....................... 3704 SHP
Kax continuous rated SHP @ 15066 RPM .......... 2991 SHP

FWD tires .................. ................ 8.50-10 III 10 pr.
Aft tires ............ . . . ...... .......... 8.50-10 III 10 pr.
Design normal cg location .................. 3.1 in FUD
Most FWD cg location (33,000 lb gross weight)... 21.0 in FWD
Most AFT cg location (33,000 lb gross weight)... 12.0 in AFT
Cargo hook locations ............................ STA 249, 331 & 409
Cargo compartment - height ...................... 78 in. Min.
Cargo compartment -width ....................... 90 in. Min.

NOTE:

All above cg locations are taken from the Datum-Line between rotors

STA 331.0
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Advanced Flight Control System (AFCS)

General:

4. Automatic inputs from the AFCS (fig. 3, and tables 2 and 3)
enter the flight control system by two means:

a. In series, between the cockpit controls and the rotors,
through the ILCA and the differential airspeed hold (DASH). These
signals do not move the cockpit rontrols.

b. In parallel, with the collective controls through a
collective drive actuator (CCDA). These signals move the cockpit
collective controls.

5. The AFCS provides the following modifications and additions
to the stability augmentation system installed in earlier model

CH-47 helicopters:

a. Continuous pitch attitude and, in the long-term, airspeed
hold referenced to the longitudinal control position throughout
the flight envelope.

b. Long-term bank angle and heading hold in level flight and
bank angle hold about any stabilized bank angle in turning flight.

c. Vernier beep trim of bank angle and airspeed.

d. Radar and barometric altitude hold.

e. Coupled heading selected through the PMI bug error.

f. Cockpit control position transducers in the longitudinal,
lateral, and directional control sytems.

g. The mechanical detent switches on the lateral and
directional controls have been replaced by electronic signals
derived from control position signals supplied to the AFCS.

h. Automatic longitudinal cyclic trim positioning to the

ground mode when 1oth aft wheels are on the ground.

Longitudinal Conttol:

6. As shown in figure 4, pitch rate damping is provided by
feeding derived pitch rate into the extensible link of the
longitudinal ILCU. The derived pitch rate is obtained by
electronically differentiating the vertical gyro pitch attitude
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Table 2. AFCS Gains and Limits

_________________

Symbol Parameters Value Tolerence Units

Dash sirpeed gain 0.12 T +5% Inches of Fquiv. Cockpit Longitudinal Control
KDAS --__ _k t

Dash attitude gain 25.o +5% Inches of Fouiv. CocVpit Longitudinal Control
lCDPA I - I Radian

Dash longitudinal control 7.5 Inches of Equiv. Cocipit Longitudinal Controal

I 1DLCV (velocity) gain Inch of Cockpit Longitudinal Control

Dash longitudinal control 1.1 Inches of Eouiv. Cockpit Longitudinal Control
9TDLCP (proportional) gain . Inch of Cockpit Longitudinal ControlFIFCPF Forward cyclic Ditch function

Cyclic pitch altitude bias 0.15 Degrees of Cockpit Longitudinal Control
_I _A 1000 feet

iACPF Aft cyclic Pitch function __

Pitch rate gain 8.90 Inches of Eouiv. Cockpit Longitudinal ControlKPR I Radish/sac
Roll attitude gain ! 11.0 Inches of Eouiv. Cockpit Lateral Control

K RA ...._Radian

Roll attitude beep gain 0.05 Radians

SZero, but
KRABO Roll attitude beep provisions Inche, of Eauiv. Cockpit Lateral Control

__ uickening gain for 0.25 max
Roll rate gain 5.7 Inches of Eauiv. Cockpit Lateral Control

I RR Radian/sec
Roll control position gain 1.0 Inches of Equiv. Cockpit Lateral ControlI_ __RCP Inch of Cockpit Lateral Control

"I'SF Reading select function
Roll attltude-headlng 14.3 Inches of Eauiv. Cockpit Lateral Control

XRAHR select gain Radian

Heading gain 8.2 Inches of Eouiv. Cockpit Directional ControlWR Radian

I Roll into yaw gain 5.7 Inches of Fqauiv. Cockpit Lateral Control
RKRY oRadisa

kA NorSmdeslap displacement fun-toan 2.
Normal acceleration in gain 2.4 Inches of Eouiv. rockpit Collective Control" KNA .ft/Sec4

SAltitude - radar gain 0.055 Inches of Fouiv. Cockpit Collective Control
""AR ft

Altitude - barometric gain 0.024 Inches of Eouiv. Cockpit Collective Control
_RA I ft

Pedal control position gaLn 1.0 I-Inches of Equiv. Cockpit Directional Ctntrol

KPCP I Inch of Pedal
Yaw rate gain 8.0 Inches of Eouiv. Cockpit Directional Control

KYR Radian/sec

Yaw rate washout gain 1.0
KTRW (dimensionless)
KRD Roll detent gain 1.0

•RDF Roll detent function
kPT Pedal detent gain 1.0

"IPF Pedal detent function _ _

Sideslip function +102 of
ISSF -'value

Dash longitudinal control 0.5 Inches of Enuiv. Cockpit Longitudinal Controll
I VDA314 velocity limit (dual system) _

"IThe listed gains are dual system values.

Sinch of enuivalent control means 9weeplate(s) movement which enuals ttat produced by one inch of cockpit contrnl

Pevement
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Table 3. CH-47D - AFCS Time Constants

Time
Constants

Parameters Symbol (seconds)

Pitch Rate Washout T1 = 10.0

Lag T2 = 0.004

Dash Longitudinal Control Lag T3 = 1.0

Roll Beep Lag r4 = 0.1

Roll Rate Lag T5 = 0.016

Roll Attitude Lag T6 = 0.15

Lateral Control Position
Washout T7 = 3.0

Lag T8 = 0.8

Yaw Rate Lag T9 = 0.02
Washout TlO = 4.o

Roll into Yaw Lag T4.

Sideslip Lag T12 n.25

Heading Lag T1 3 = 0.23

Radar Altitude lag T1 4  0.2

Normal Acceleration Washout T1 5 = 10.0

Normal Acceleration Lag T1 6 = 22.0

CCDA Feedback Lead-Lag T17 = 0.06
T 18 = 0.005

Sin 0 Washout T1 9 = 0.042

Sin 0 Washout T2 0 = 0.05

Pedal Control Position Lag T2 1 = 0.2

CCPA Feedback Washout T2 2 = 10.0

Barometer Lag T2 3 = 0.5

Delta P Lag T2 4 = 0.5
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signal and using it along with yaw rate and roll at itude to
calculate the body axis pitch rate. The signal is conditioned by
a lag to filter noise and a washout to prevent saturatl)n during
turns.

7. By summation of aircraft pitch attitude, airspeed, and
longitudinal control position, the DASH system actuator provides
pitch attitude and airspeed hold as well as a stable gridient of
"longitudinal control position versus trim airspeed. Sin(e neither
pitch attitude nor airspeed are synchronized, their igh gain
settings would, if not otherwise modified, reciuire v~ry large

* longitudinal control displacements to oppose their efficts. The

incorporation of a longitudinal control position transd.icer acts
as a pseudo synchronizer and cancels out most of the airspeed and
attitude signal so that the trim control travel over the allowable
operating speed range is approximately 2-1/2 inches.

Lateral Control:

- . 8. A block diagram of the lateral control system is shown in
figure 5. Rate damping is provided by feedIng derived roll rate
into the extensible link of the lateral ILCA. The de ived roll

rate is obtained by electronically differentiaing the vertical
gyro roll attitude signal. The signal is shaped by a lag to
filter noise. A lateral control position transducer o)poses tha
rate gyro signals so that the high stability of the roll AFCS
does uot degrade lateral maneuverability. Summatioi of the
derived rate signal and the control position signal ) roduces a
roll-rate response which is proportional to control dis)ldacement.
Long-term hold of trim bank attitude is provided by :ank-angle
inputs from a vertical gyro. Bank angle error signal:;. from the
vertical gyro are used to produce corrective contrul motions
through the extensible link of the roll ILCA. When the pilot
displaces the lateral control out of the detent position during
maneuvering, the trim bank angle error is continuously synchroni-
zed to zero. When the pilot returns the control to the detent
position and the aircraft roll rate is less than 1.5 cegrees per
second, the synchronizer switch opens and the system holds the
airr.raft at the bank angle stored at the synchroniz r output.

" "Vernier beep trim of bank attitude is produced by opration of
the lateral beep trim switch. Operation of the lateral beep trim
switch adjusts the trim bank angle stored at the syrchronizer.

9. A selectible turn coupler mode is available for automatic
control of heading. In this mode, the vertical gyro bank angle
signal and the heading command from the pilot's directional
indicator are fed to the extensible link of the later:l ILCA.
The system commands a standard rate turn to the commanded heading
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and then holds the commanded heading. Bank angle is limited to
20 dcgiees maximum. During this mode of flight, the normal bank
angle and heading hold error signals are synchronized to zero.

Directional Control:

10. As shown in figure 6, yaw rate damping is provided by feeding
a signal obtained from a yaw gyro to the extensible link of the

- directional ILCA. At speeds above 40 knotr indicated airspeed
(KIAS), the yaw rate signal is washed ott to prevent saturation
and miscoordination in turns. The yaw rate signal is changed
between the two states in 5 to 7 sec.)nds when transitioning
through 40 knots. The derived roll rate is lagged and fed into
the yaw ILCA to provide automatic turn coordination. Static
directional stability is artificially enianced by sides-ip pres-
sure transducer signals. Inputs from the pedal position trans-
ducer opposes the yaw feedback signals sc that the high stability
does not degrade directional maneuverability.

11. Heading hold is maintained by comparing a signal from the
"directional gyro to a reference heading and feeding the heading
error into the extensible link on the directional ILCA. At all
speeds the heading reference is synchronized to the existing
directional gyro signal whenever the cyclic control centering
button is depressed or the pedals moved out of detent. When the
pilot releases the control centerin button or returns the pedals
to detent and the absolute value of yaw rate becomes less than
1.5 degrees per second, the heading reference locks onto and
holds the existing aircraft heading. At speeds above 40 KIAS,
the synchronization of heading reference also takes place whenever
the lateral control is moved out of detent to permit stick-only
"turns. When the lateral control is returned to detent and bank
angle becomes less than 1.5 degrees, the heading reference again
locks onto and holds the existing heading. Finally, the heading
reference is synchronized whenever the turn coupler mode is
selec ted.

12. Since both AFCS boxes use the signal from the same directional
gvro, the signals are electronically limited to half authority,
thereby making the gyro failure mode no worse than a single
extensible link hardover.

Thrust Control:

13. Altitude hold (fig. 7) is accomplished by comparing the
altitude sensor signal to a reference altitude and feeding the
error to the CCDA. The CCDA moves the cockpit control to maintain
the reference altitude. At any time the altitude hold is turned
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off or the thrust brake trigger is depressed, the reference
altitude is continually synchronized to the altitude sensor
signal. When the altitude hold is engaged and the thrust brake
trigger is released, the reference altitude locks onto and holds
the value on the altitude sensor at that time. The altitude
.^nsor is either the barometer altitude sensor or the radar
altimeter depending upon the mode selected. A normal accelerometer
signal processed by the AFCS provides the required vertical
damping. A bank angle signal is used to offset the normal
accelerometer and provide the collective command required to
maintain altitude in the turn.

Longitudinal Cyclic Trim:

14. The longitudinal cyclic pitch (fig. 8) is automatically
programmed with indicated airspeed providing the cyclic trim
switch on the AFCS panel is in AUTO. Below 60 knots indicated
airspeed (KIAS) the forward and aft rotor tilt is constant at
1.2 degrees and 3.25 degrees aft, respectively. From 60 KIAS to
150 KIAS, the cyclic pitch is increased linearly to 4.0 degrees

w- forward on both rotors. In addition both rotors program with
pressure altitude at the rate of 2.0 degrees per 10,000 feet.

15. When both the left and right landing gear switches indicat.;
ground contact has been made the cyclic pitch on both rotors move
to zero degrees (ground position) to permit taxi or rotor shudown.

16. In addition to the AUTO modes above, a manual mode is available
as on previous CH-47's. When this mode is selected the cyclic trim
can be independently beeped to any desired position.

ROTOR BLADES

17. The fiberglass rotor blades have a 30-foot radius with a
32-inch cord and operate at 225 rpm. The planform is constant-
chord between station 97 and the tip; from station 97 inboard it
transitions to a circular root end section. The blades have a
12 percent thick VR-7 airfoil out to 85 percent radius, tapering
uniformly to an 8 percent thick VR-8 airfoil at the tip.

18. The blades are of fiberglass construction with a nomex
honeycomb core (fig. 9). The "D" shaped spar is constructed of
fiberglass reinforced composite, terminating at the root end in a
"wrap-around" single pin joint. The nose of the spar includes
balance weights and provisions for a de-ice heat blanket. Out-
board, the spar contains provisions for forward and aft weight
fittings. The airfoil iairing aft of the spar is formed from a

61



LC
% 0

U. Uz

U 1 ol

Uq u u

A-l L 0

-C-,

zZ

0

z U00

+

62



cc,

z RE

in LL

U,
LU

0L

xw

0

CD 0

to

cr- U)

0 C.z Llo
z cr PL4

W LwZ

00 Z GC
Z- < p.z

,- 0

CL <
<0

Ur- Q

-L -J -

LLL.

zj

63



71•-

banded subassembly of nonmetallic honeyccmb core covered with
cross-plied (±450) fiberglass skins. The fiberglass trailing
edge member has a built in "cusp" angle. t titanium leading edge
cap is incorporated to provide leading (dge damage tolerance,
erosion protection and lightning protection. k replaceable
electro-formed nickel protective cap iF. installed from the
85 percent radius to the tip.

ENGINES

19. The T55-L-712 engine incorp,,rates improved maintainability
and performance capaDility when compared wi.th earlier T55 models.
"The engine also has the capabil ty to procuce emergency power on
pilot demand. The power levels for non-install*.d, sea level,
standard static conditions and 15,066 engine rpm (225 rotor rpmn)
are presented in table 4 below:

Tab.e 4. T55-L-712 Engine Power Ratiags

I fI
Emergency power (30 min, cumulative) ý,320 SHP
Maximum power (10 min) 3,704 SHP
Intermediate power (30 min) 3,370 SHP
Maximum continuous power 2,991 SHP

"TRANSMISSIONS

20. The CH-47D transmission system includes features that reduce
vulnerability and improve reliability. The forward, aft and
combiner transmissions include independent lubrication with the
forward and aft transmissions having integral cooling blowers and
heat exchangers. In addition to the separate oil systems, an
"auxiliary (redundant) source of lubrication, capable of iiaintain-
Ing safe operation for two hours, is provided. The forward, aft,
and comhiner transmissions are also capable of operating for
30 minutes after loss of both main and auxiliary oil ,)ressure.
Increased reliability is incorporated by use of improved
materials, increased gearing and bearing capacity, increased
hearing life, reduced shaft and spline stress levels an,1 turning
of dynamic components to reduce motion amplitudes.

* - HYDRAULIC SYSTEMS

21. The hydraulic systems consist of dual modularized flight
control systems and a modularized utility hydraulic system. Both
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r" flight control systems operate at 3000 psi and separately and
independently operate the dual upper control actuators and ILCA's.
The systems are modularized (prepackaged hydraulic components
having a standard outline) and provide two power control modules,
two transmission mounted pumps, two power transfer units and a
hydraulic maintenance panel. The utility system provides hydraul-
ic power fur both flight and ground utility functions and ground
checkout of the flight control system.

ELECTRICAL SYSTEMS

22. The CH-47D electrical system is a first fail-operative,
second fail-safe system capable of serving all required electrical
loads during flight and ground operation. The primary electrical
system is 115/200 volt 400 Hz alternating current. Electrical
power is furnished by two AC, oil cooled, brushless, generators
mounted on the aft transmission. The APU drives a 20 KVA generator
which provides power for ground service and checkout functions.
The AC bus system provides electrical isolation of generator
outputs. The DC power is supplied by two transformer rectifier
units (TRU), each connected to an isolated bus. The TRU's are
physically isolated to reduce vulnerahility and a bus tie relay
automaticqlly connects the two buses together in the event of
failure in either unit. The 24 volt 11 ampere hour nickle -

cadmuim battery is monitored for overtemperature, short or open
circuit, or cell imbalance. A battery charger is connected to
the battery.

EXTERNAL CARGO SYSTEM

23. The external cargo system consists of three cargo hooks
mounted under thi' aircraft. The center hook has a 26,000 lb
capacity while the fore and aft hooks have a combined 25,000 lb
capacity (17,000 lb for single forward or aft hook). The system
is capable of carrying loads individually or simultaneously on
all of the hooks.

FUEL SUPPLY SYSTEM

24. The fuel supply system furnishes fuel to the two engines, the
heater, and the APU. Two separate systems, connected by cross
feed and a pressure refueling lines are installed. Provisions
are available within the cargo compartment for connecting internal
ferry fuel tanks to the two fuel systems. Each fuel system
consists of three fuel tanks contained in a pod on each side of

7

65

.................................



the fuselage. The tanks are identified as forward auxiliary,
main, and aft auxiliary tanks. During normal operation, with all
booster pumps operating, fuel is pumped from the auxiliary tanks
"into the main tanks, then from the main tanks to the engine.
"Should a fuel pump fail in an auxiliary tank, the fuel in that
tank is not usable. However, should both booster pumps fail in a
main tank, fuel will be drawn from the main tank as long as the
helicopter is below 6,000 feet pressure altitude. The single
point pressure refueling panel and nozzle adapter are on the
right side above the forward landing gear.
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APPENDIX C. INSTRUMENTATION

I. Test instrumentation was instalted, calibrated, and maintained
by Boeing Vertol Co. (BV). Data was displayed in the cockpit,
recorded on onboard magnetic tape, and relayed via telemetry to
the Real Time Data Acquisition and Processing System (RDAPS)
facility.

2. Parameters measured during this evaluation were:

#1 Engine fue' flow (gal/min)
#1 Engine fuel temperature (deg C)
#1 Engine fuel. totalizer (gal)
#1 Engine gas generator speed (percent rpm)
#1 Engine power turbine inlet temperature (deg C)
#1 Engine torque (percent)
#2 Engine fuel flow (gal/min)
"#2 Engine fuel temperature (deg C)
#2 Engine fuel totalizer (gal)
#2 Engine gas generator speed (percent rpm)
#2 Engine power turbine inlet temperature (deg C)
#2 Engine torque (percent)
Acceleration, lateral, cabin floor FS95 BLO (g)
Acceleration, lateral, copilot seat (g)
Acceleration, lateral, pilot seat (g)
Acceleration, longitudinal, #1 engine top flange (g)
Acceleration, longitudinal, copilot seat (g)
Acceleration, longitudinal, pilot seat (g)
Acceleration, radial, #1 engine inlet (g)
Acceleration, vertical, #1 engine rear hoist boss (g)
"Acceleration, vertical, cabin floor, FS320 BL25 left (g)
Acceleration, vertical, cabin floor, FS320 BL25 right (g)
Acceleration, vertical, cabin floor, FS320 BL44 left (g)
Acceleration, vertical, cabin floor, FS440 BL44 left (g)
Acceleration, vertical, cabin floor, FS482 BL44 left (g)
Acceleration, vertical, cabin floor, FS50 BL33 left (g)
Acceleration, vertical, cabin floor, FS50 BL33 right (g)
Acceleration, vertical, cabin floor, FS95 BLO (g)
Acceleration, vertical, copilot seat (g)
Acceleration, vertical, pilot seat (g)
Aft rotor 1/rev pulse
Airspeed, boom system (in-H20)
Airspeed, ship's system (Irn-H 2 0)
Altitude, boom system (in-Hg)
Altitude, radar (ft)
Altitude, ship's system (in-Hg)
Ambient air temperature (deg C)
Angle of attack (deg)
Angle of sideslip (deg)
Attitude, pitch (deg)
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Attitude, roll (deg)
"Attitude, yaw (deg)
"Axial load, #1 engine aft lower link (lb)
Axial load, #1 engine aft upper link (lb)
Axial load, #2 engine aft lower link (Ib)
Axial load, #2 engine aft upper lirk (lb)
Axial load, aft fixed link (lb)
Axial load, aft pivoting actuator (lb)
Axial load, aft pivoting actuator forward lower lug (lb)
Axial load, aft bwiveling actuator (lb)
Axial load, forward fixed link (Ib)
Axial load, forward pivoting actuator (ib)
Axial load, forward pivoting actuator aft lower lug (1g)
Axial load, forward pivoting actuator forward lower lug (lb)
Axial load, forward swiveling actuator (lb)
"Axial load, vertical aft pivoting actuator aft lower lug (lb)
"P"ending moment (0-130), #2 engine aft lower mount (in-lb)
Bending moment (0-180), #2 engine aft mount (in-lb)
Bending moment (0-180), aft slider guide (in-lb) '
"Bending moment (90-270). #2 engine aft lower mount (in-lb)
Bending moment (90-270), #2 engine aft mount (in-lb)
Bending moment (90-270), aft slider guide (in-lb)
Cruise guide indicator (percent)
Droop stop contact indicator, aft
iroop stop contact Indicator, forward
Inlet temperature, #1 hydraulic reservoir (deg C)
Outlet temperature, #1 hydraulic reservoir (deg C)
Position, #1 pitch SCAS actuator (in.)
Position, #1 roll SCAS actuator (in.)
"Position, #1 yaw SCAS ictuator (in.)
Position, aft cyclic trim actuator position (6eg)
Position, aft pivoting actuator (in.)
Position, collective control (in. from full down)
Position, directional control (in. from full left)
Position, forward cyclic trim actuator (deg)
Position, forward pivoting actuator (in.)
Position, lateral control (in. from full left)
Position, longitudinal control (in. from full forward)
Rate, -ttch (deg/sec)
Rate, roll (deg/sec)
"Rate, yaw (deg/sec)

* . Rotor speed, coarse scale (rpm)
Rotor speed, sensitive scale (rpm)
Tension, forward transmission upper cover (psi)
Tether cable angle, lateral (deg)
Tether cable angle, longitudinal (deg)
"Tether cable axial load (Ib)

Titi,e odL-6
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Torque, aft rotor shaft (in-lb)
Torque, forward rotor shaft (in-lb)

°.-
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APPENDIX D. TEST TECHNIQUES AND DATA
ANALYSIS METHODS

PERFORMANCE

General

"Nondimensional Coefficients:

1. The nondimensional coefficients listed below were used to

generalize the hover and level flight data obtained during this
evaluation.

a. Coefficient of torque:

RnHP x 550
.,C __ _ __ _ __ _

pA 0R) 
3

b. Coefficient of thrust:

GW GW/6
C

T ==(2)"-

pA (4R)2  poA (S/IR )2 (2)

c. Advance ratio:

1.6878 VT + SIR
Iu =(3)

a

d. Advancing blade tip mach number (Mtip):

1.6878 VT + (SIR) 1.6878 VT/ I + (SR//6)M (-T (4)
lip

a 1116.45

Where:

R-P Cab,-ulated from equation 8, oaragraph 2

550 Conversion factor (ft-lb/sec/shp)

p !Mr density (sluI/ft 3 )

o = XJr density at sea level 15°C (slug/ft 3 ) (0.0023769)

A = ,in rotor disc area (ft 2 ) (5655 ft 2 )
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£/'= Referred rotor angular velocity = Nx 7

R = Rotor radius 30 ft

N Rotor rotational speed, RPM

GW = Aircraft gross weight (ib)

6 = Air pre3sure ratio

VT = True airspeed (kt)

VT/Vr6= Referred true airspeed
a Speed of sound (ft/sec, 1116.45ro)

1.6878 = Conversion factor (ft/sec/kt)

(OAT + 273.15)
Temperature ratio 288.15 (5)

OAT = Free air temperature

The following constants may he used at 100% rotor -.peed:

OR = 706.9 (ft/sec)

"- . A(SIR) 2  2.8254 x 109 (ft 2 /sec 2 )

A(RR)3= 1.9972 x 1012 (ft 3 /sec 3 )

Power Determination

2. Power output of the T55-L-712 engines were determined hy
measuring thp engine output shaft torque and ,he main rotor
speed and using the following equation:

W, 0
SHP = (6)

550

* where:

Q Rotor speed (rad/sec)

G = Engine to rotor gear ratio = 66.96

0 = Engine output shaft torque (ft-lb)
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The engine torque measuring system was dynamically calibrated by
Lycoming in an engine test cell. Rotor shaft torques were also
measured and the horsepower being transmitted to the rotors was
calculated from the following equation:

P ýI(OMRF + OMRR)RUP =___(7)

550

where:

SOMRF Torque on the forward rotor shaft (ft-lb)

QMRR Torque on the • rocor shaft (ft-lb)

The tollowing empirical relationship between RHP and SHP was
determined from flight test data.

RHP = 1.010084 x SHP - 390.25 (8)

Eugine output shaft torque was also calculated from fuel flow
%.sIng a BV-supplied method. This metiod produccd inconsistent
re-sults. All engine shaft horsepower data presented in thir•
report were calculated from engine tcrquý measurements.

Airspeed Calibration

3. The tPst boom and standard ship's pitot-static systems were
calibrated. ThreE methods were used for these calibrations: the
p•ace method (usinf a T-28 pace aircraft); the ground --.peed course
method; aid the tower flyby (or altitude depression) method. The
pace method invol red flying the CH-47D in formation with a T-28
"aircraft. and uslITg the calibrat , T-28 pitoL-static system as an
alrqc-p' d rnferenc( For thl- gt(und speed course method, the
CH-47D Yias flown ver a r-asured, straight course marked on the
ground The aircraft was flown at corstant indicated airspeeds
for two passes cer the course on reciprocal headings. True
airspeed fhr each direction was calculated from the time and
"distance and the -wo airspeeds were averaged. Calibrated airspeed
""•os calculated ••om the average true airspeed and the air pressure
and temperature and was used as a reference. The third method
(altitude depression) required flying the aircraft pa t a toter L
at Intrementa.. indicated airspeeds. On ea&h pass, readings ',f
indicated airspeelI and altitude were taken onboard the aircraft
it the s' . Lime readings were taken in the tower of pressure
alt itude .nd air( raft height above ',or below) the tower. L.
this manier, the qtatic pressure position error was determined
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as a function of airspeed. By assuming no pitot (total pressure)
error, the airspeed position error was calculated from the static
pressure error. This method worked well for the test boom system
but gave inconsistent results for the ship's system, apparently
because the ship's system has an error in the total pressure
measurement (pitot error). The boom airspeed calibration is
presented in figure A, appendix C.

Hover Performance

4. Hover performance was obtained both iGE and OGE by the tethered
" - hover technique. All hover tests were conducted in winds of less

than 3 knots. Atmospheric pressure, temperature, and wind
vzlocity were recorded from a ground weather station. The hover
tests consisted of tethering the helicopter to the ground with a

" cable and load cell, and stabilizing at predesignated rotor
speeds and power settings. The power setting was varied to obtain
increments of cable tension from minimum to the maximum allowed
by the airworthiness release, and three rotor speeds were used.

5. To obtain dimensional performance information from the non-
dimensional plots in figures 6 through 10, appendix E, the trans-
mission losses must be applied to the data. For example, to
calculate the gross weight at which the aircraft will hover at a
given pressure altitude and outside air temperature, the following
procedures must be used: (a) determine the total engine horsepower
available (SHP) at those conditions from tVe engine specification,
(b) calculate the horsepower delivered to the rotoLs (RHP) using

* - equation ),paragraph 2 (c) calculate CO using equation 1,
* paragraph 1, (d) find CT from the appropriate performancp

curve (figs. 6 through 10, app E), and (e) calculate gross weight
using equation 2, paragraph 1.

Level Flight Performance

6. Level flight performance was determined using the refer-.d
gross weight, referred rotor speed method. Each speed-power polar
was flown maintaining a constant relerred gross weight (W/6)
and referred rotor speed (NiO) in ball-centered flight. A
constant W/S was maintained by increasing altitude as the
aircraft gross weigtt decreased due to fuel burnoff. Rotor
speed was adjusted to maintain a constont W16 as the outside
air temperature changed.

7. The raw data were reduced to nondimensional terms of CO,
CT, and P. No correction was -iade for the drag of the test
airspeed boom nor instrumentation on the rotor heads. Ar in
hover performance, the transmission losse- must re .,eoutnted for
usIng e,(1uation 9, para)rapll 3 wiewn cOVeorting nondimenslonal dara
to di•rensional terms.
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Autorotational Descent Performance -

8. Autorotational descent performance data were acquired at
incremental airspeeds with constant rotor speed and incremental
rotor speeds with constant airspeed. The tapeline rates of
descent were calculated by the expression:

dH T
R/D tapeline P X t (9)

Where:

R/D tapeline Tapeline rate of descent (ft/hec)

dHp Change in pressure altitude per given time (ft/sec)
dt

Tt = Test ambient air temperature (OK)

TS =Standard ambient air temperature ('K)

HANDLING OUALITIES

Control Positions in Trimmed Forward Flight

9. Control positions and aircraft attitudes as functions of
airspeed were determined during level flight performance.

Static Longitudinal Stability -

10. The static longitudinal stability tests were accomplished by
establishing the trivi condition in ball-centered f•'ght and
"then varying control positions to obtain airspeed changes about
the trim airspeed with collective control held fixed at the trim
value. The airspeed range of interest was approximately

-20 knots from trim. Altitude was allowed to vary as required
during the test. One or both AFCS systems were turned off during
some of the tests.

Static Lateral-Directional Stability

11. These tests were conducted by establishing the trim condition
and then varying sideslip angle incrementally up to the pre-
established limits. During each test, collective control position,
airspeed, and aircraft ground track were held constant and alti-
tude allowed to vary as required. One or both AFCS systems were
turned off during some of the tests.
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Maneuvering Stability

12. This test was accomplished by establishing the trim condition
and then incrementally increasing load factor by i-icreasing roll
attitude (in both directions) while holding airspeeid and collec-
tive control position constant and allowing altitude to vary as
necessary.

Dynamic Stability

13. Dynamic longitudinal and lateral-directional 3tability were
qualitatively evaluated to determine both the short- and long-

Speriod characteristics. The short-perlod response was evaluated
* by use of longitudinal, lateral, and directional pulse or doublet

.riputs and by releases from a steady-heading sideslip. The
"long-period dynamic response was evaluated longitudinally by
slowly returning the flight controls to trim position following
a decrease of 10 knots indicated a-rspeed (KIAS) from the trim
Pirspeed.

Vibrations

14. Two methods were used to obtain and analyze vibration data.
In one method, the output of vibration accelerometers at selected
locations in the aircraft were recorded on magnetic tape onboard
the aircraft. These data were then reducel using a fast Fourier
transform method to obtain average vibration amplitudes as a
function of frequency. Amplitude at main rotor harmonic frequien-
dces were then determined. In the other method, the output of
the accelerometers went to a vibration amplitude and direction
indicator (VADI) developed by BV. The VADI has a dial indicator
"which reads percent of the PIDS limit fer the location, direction
and harmonic selected. The PIDS specifies that vibration data
at certain aircraft locations, in certain directions and at
certain rotor harmonic frequencies, when analyzed over 20 rotor
cycles, shall contain amplitude peaks, 85% of which are less
Than a given limit. The VADI data processing Inicludes the 85%
requirement.

DEFINITIONS

Qualitative Rating Scales

15. A Handling Oualities Rating Scale uias used to augment pilot
comments and Is presented as figure A. The Vibration Rating
Scale (VRS) was used to augment pilot comments on vhibrations md
is presented In figure B.
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Shor tcoming

16. A shortcoming is defined as an imperfection or malfunction
occurring during the life cycle of equipment which must be repor-
ted and which should be corrected to increase efficiency and to
render the equipment completely serviceable. It will not cause
an immediate breakdown, jeopardize safe operation, or materially
reduce the usability of the materia! or end product.

79

.- ,



--

APPENDIX E. TEST DATA
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Hover Summary 1 through 5
Nondimensional Hover Performance 6 through 10
Range Summary 11 and 12
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Dynamic Stability 95 through 103
Power Management 104 through 107
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Vibration Characteristics 117 through 137
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Engine Power Available 141 through 145
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FIGURE 11
RANGE SUMMARY
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FIGURE 12
RANGE SUMMARY
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2,. BALL-CENTERED FLIGHI
Pi I A H

S• 4. --

95 -00 - i0 f1
I

85 90 9: 01_3

7s 8 85.

) 65 70 75 80- - -- -
, /

i C

iSS 60 65 7-- ...----------------------- _

45 so 55 60 . .. /

o 35 40 45 50 --

25 30 3 4,0

CL

1 20 2S 130

40 60 7,3 so t_4

THRUST-COEFFXCIENT,-CT X j04 -'

* (~ 3



-X -

-7-

W; 1: FI x 10 G
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0 ~FIGURE IS-
LEVEL FLI~GH-T PERFORMA~NCE

LYCOMING T55-L-712 :S/N 71224 & 71226

AVG AVG AVSG- AVG ---- -AVG AVG
*GR~OSS LONGITUDINAL DENSITY OAT ROTOR CT

WEIGHT F-G LOCATION --- ALTI.T1J" -SPEED.
CLB) (FS) CFT),- (DEG C) (RPM)

*31180~ 330.3(MID) --- 1$ee - 258' 21

NOTES; IL N/vF8__214-1 RPM,
2. BALL-CENTERED FLIGHT.

U-13 0 CURVE BASED ON SPECIFICATION FULEL FLOW

CDID

0.04-

L0. 00

60 r,-I - - - - - . -

r* INTERMEDIATE RATED POWER
(30 MINUTELIMIT)

u-
MAXIMUMI CON4TINUIOUS. RAT~fPlOWER

~-40006--- ----

z
H 3000-

00

2000-

SFAIRED CURVE. DERIVED-FROM-
FIGS. 13 AND 14.

0~18000
30 so 70 90 1.10 130 1 fo 170

TRI 'F AIRSPf.ED- tKNOTS) -

S 95



.~14 -. *... .

-::2w:Z,7ANL

-ESTY -- AT f~O, C

_ C~~DEG C) C~?
I3 7crmI) i -- ta ti$- Ms 9 WOW4

2 . OALL.-i NEREb FLGHT.L

- 7UII BASED ON: SPECIFICATrION! FUEL FL-----

-- - - --- ------ -- - - - - -

4-4;

7-ZI
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F=RG, 17
LEVEL FULGHT- PERFORNANCE

FLYCOMING T55-L-4712 S,/N 71224 & 71226

AVG AVG AVkVG AVG AVG_
.RSS LONGITUDINAL D)ENIT OAT ROTOR CT-

-WEIGHT- ---CG --LOCATION---AT-IP- - - -SPEED -- *

CL)(FS) (FT): (DEG C) (RPM)

4e~t2 t~7N~ .S- 2. 217 0 e

NOTES; -. _N461! _21-4-6- RPM-.
-J 2. BALL-CENTERED FLIGHT.

"- e ~38 CURVE BASED ON -SPtCIPlCAT!ON FUEL FLOW -_

-4 --- -------------- --- ---

000

eee--- --- -- Le--

07000 - _

CL INTERIEDI-kTE RATED POWER
- C~~~30 MINUTE LIMIT) - _

eoeMAXIMUM iONTINUOUSL-RATEDI-?DIER- ----------

LLJ

z

z

FAIRED CURVE-DERIVED FROM
FIGS. 13 AND 14,

3so70 do 1,0 13'a ISO 170
_TRUE__AIRSPEED ..(KNOTS) -
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0 ~~FxlrsURE~ 19 .--

NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE
--- . ---- . CH-47-1- -SA- &/-N ---3--- ------

N/VN = 224.8 RPM
LONG, CG = FS 330._(MID)

. .N u- NOTES : L.CURVES ID.ERIVEDERiDM- FIGS. 20

THROUGH 25.
BALL-CENTERED" FLIGHT.

1-4

-+4 050

* te, 9..... . ....

_ ..... L ... j.. /. / I r / ..

.. .. .. . . . .- / I I -

u - 44 ii... / / I/ / 1 1- I..

30 -- / - 20 _ j
× .... . ..."" ............ ... .....-- --" --/ ,

./_.___5 58_

t5-1-

- - ...... -

U.)

40 so .0 70. B -90

THRUST COEFFICIENT,- CT X-1-0•4-.. GW 2X 104

p•A(QR)2

@ 99



2.; -FIGURE 20<

VG- AY51 AVG . AGAVG SW~
PQ-N0T INV -PEN4S ITY - -- -O--~- ROTOR

* -~Tis MLO MATIOt ALTT!v

sis"! .71.0 ~30ý.O(-MI 3i i 224 0 0e49O8
-T~~ -. ~ ----- ------

*2. BALL'-CENTEIREI FLTGJIT.

LRUjVE 13ASE -ON SPEC- FXC- O UE LI

- .---- 4-- ---

.4' 0

*~~~~~A E si 717 ATU

.............................

-- ----- - --

TM -I_ _

*~~~-- --- - - . -- -- - -

7-
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FIGURE 21
LEVEL FLIGHT PERFO)RNANCE

L C:O MING TSS-L]-7 12 S/N .712-24 _& 71226

AVG- ------V AV AVG-
GROSS LONGITUDINAL Pit4$ITY OAT ROT-OR CT

-- WElZKT--- __CG LOC.ATIO------ _ALTITJD -- SPE
CLS) (FS) (FT) (DEG C) (RPM)

Nfl--~ --- NN& _ 2_24_3, RPML-------

- 2. BALL-CENTERED FLIGHT.

__SASM IW SPELIFLCA -fm - -O

W-hi1

CL
wo-4

-- -- - - - - -

AXTKIM CONTIN101 SRTVOE
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LEVEL, OERFORMANCE.

--LYCIOMING- TSl~-!L-71tZ $/N _712Z4 A 71226ý

AVG :7AVG.T~ V -

-. 4 7-~$I ------TU~NA 1)NIT AT ROMTOR CT --

-~WI~T--cr- LOATION LIqW--
(L) 1 CFS) (FT): : (DES C) (RPM)

*~~~~~~ -----------~~ f4A~ :

e* B.ALLý-CENTERWi FLIGHT:.

-- _------- ---------

hrijrrUt --.~h Tt'/

i 4. k-IHMO

- - - - - - ------ -----..------ - --....

-- -- - -- -- - -- - ------- ---- ------- - - - - - -

.. .. . ..

-- -- - -- --

.........-

......... _ _ _ .I
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r 4-v
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:f' 7i ~~ l

g- zzrNz -T LIt4IT~l
(12 __ _ ____ __ _ __77 I_
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Z--Ir .UVF D------ - __FO__ _ / _

IIS'1 AND! 19.'

-72.t~~ ----- __W

TRIRUE AISP4EP (I(NOTS)
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* FIGURE 29
NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE

1 ~CH-47DL JSA S/W~ 81 -23383
N/VO 244. 8 RPM

LONG. CG -FS 329.9(MID)

CD w 0DCS
- ~ NOTES, 1. CURVES DERIVED FROM FIGS., 31
~ & ~THROUGH 33.

2. BALL-CENTERED) FLIGHT

as ga-s tee

7508

4A--r 1 --- 7 -- 1
_A __5f)o 6 --7

-4 O 5 -60 - -* - -

---3-2%4-0- 35 40 -~ ---.--- --

_45- -2 -- 2 -3

40 so. -30 _70 40 go-- -
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1IGORE?
-- AUTOROTATIONAL DESCENT PEERFORMANCE

AVG -. AV-G
GROSS LONGITUDINAL DENSITY AV ROO

IWEIGHT' CG LQCATZODN _ALTZTUDE :OAT' SPEED -

-47880 331. 6 CM~tD) :7620 2 1. 5 225

0 -- - - - - - - --- ---- - -

"___2e_ -MINIMU ___EQFD.C&_ ARED

-21000 --- - ----

2-a *0s- -0 .6 - 2 4 6 _

CA -~lf AIRSPEEDD

Z 8115
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- - FIGUEY_37' T
LONGITUDINAL CYCLIC POSITION- VS FORCE

CH-47DL USA- 9/4- 4-283M-

NOTES- . TEST.CONDUCTED ON GROUND WITH GPU SUPPLYING_
PRESSRE-0 B tt -POWf!R- TRANSFEkhtNITS"-

2. TOTAL LONGITUDINAL CONTROL-TRAVEL-tS.0 INCHES-
_3_. -CONTROL- CENTERINGO

18----------------------------------------- -

4- -
L&.

L~)

z ________OR

* L0

-FOCE

a----- TR---~f ---

Hl
Ie r- -----

ix
c)

44
zA:= i !Tlt PS O AT

(ICEHFMFULFRAO
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ft%4 .PJ4 b4AVA*Lft
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T 1 I ---------------

4Q 4

4. -- ------
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* ~~RIGURE'39 , -

I)IRECTIONAL CONTR~OL PO0SITION' VS VrORCE

--- NOTES: 1'. TEST CONDUCTMt ON GROUNDV ITH GPU SUPPLYING
-- PRESSURe-T- BOT !KWPOW RANSPER- t#41TS---

2- TOTAL DIRECTIONAL CONTROL -TRAVEL-'. t- INCIES-
3._ -CONTROL-CN~I~1L-

~8e - -----------------

rir

*a 2
'IBREAKOUTFOC

REKOT FOORCE-`_

U 0-

U 0

I-2
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0- FIGURE 40
THRUST CONTROL POSITION VS FORCES.....-- ...... ......... . - ..... CH--47D .USA -8/4 -#1-23383

NOTESi t. TEST CONDUCTED ON GROUND WITH GPU SUPPLYING.. .. PRESSURE- TO BOT1I POWER TRANSFER UNITS
* 2. TOTAL THRUST CONTROL TRAVEL-s. t INCHES

-... 3C THRUST ONTROL BRAKE TRIGGER DEPRESSED
4. THRUST CONTROL DETENT AT 1.4 INCHES

FROM FULL DOWN

- - ........... .. ETENT POSITION-

-j- LBREAKOUT FORCE

2 -. 4- 0.8 1 .2 I.6

.-...-. _ ..... .... .... ....... ....- T H R"UB S T .C O N TR O .-P O S I T I O N ( IT ,N C H E S F R O M F U L L D O W N :)"1-

* o



0 FIGURE 41
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

CH-47D USA S/N 181-23383

AVG AVG AVG AVGGROSS LONGITUDINAL DENSITY AVG ROTOR Ft.I*ISYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
(LO) CFS) CVEET) (DES C) (RPm)

13 31980 329.2(FID) 80.5222 LEVEL:

NOTES 1. I-BALL CENTERE FLIGHT -

2. BOTH AFCS ON

:3LLI

z~- e TOTAL DIRECTIONAL CONTROL TRAVEL 2-7 ICE

I..O 41o o
"HOH

-j 3

*TOTAL LATERAL CONTROL TRAVEL~ ia.5 INCHES

zz~.j
so 6-

-IHW-El El 90 E3 9

d- J -

* TOTAL LONGITUDINAL CONTROL TRAVEL I- 1&0 INCHES--

ZJH.

~OLL-
o7-

- UHZL 5-
'" 20 40 60 8o ISO 120 140

* ~~CALIBRATED AIRSPEED- =

(KNOTS)



________cO~TDL4PDflONS. INTRZNNED FOR WAMt F GHT

i. -~ - --..-------- - -

J~TE. ............

2BOTH ACS, ON

-IEE -______---

-4-
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0 FIGURE 43
CONTROL POSITIONS IN TRIMMED FORWJARD FLIGHT

C-47 -SA- S/N -S51ý-23383

AVG AU& AVG AVG
GROSS LONGITLR)NAL NIY AVG ROTOR FLICHT

SYMBOL WEIGHT CS LOCATION AVIUE OAT SPEED CONDITION
(LID) CFS) ---- (FEET) KDES-C) (RM
31280 342.0(AFr) 2m2 4.5 222 LEVEL

NOTES: 1. BALLI CENTERE FLIG1{T
2. BOTH AFCS ON

6-TOTAL DIRECTIONAL LCO TRAOI NIE

N-4
- __ -3 -~---- - ---- -- - - -

7- TOTAL LATERAL CONTROL TRAVEL V9 10S INCHES

woaz

*TOTAL- LONITUb At -CONTROL, TRAWEL 15 IS. INCHES

ZH-
HOM1

*m . I
'~20 48 so as too 120 140 0~

* AIBRATED _AIRSPEED.__.
'(KNOTS)
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~~L-l -463~Z 43
- -:t-7 i '- - . -i 41
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FIGURE 45
STATIC LONGITUDINAL STABnLITY

CII-470 USA $/N-1--2- 3.

AVG AVG AVG AVG
d ROS LONGITUINL DENSITY A ROTOR PU.IWIGHI'T C:G LOCA'r .ON ALTI'TUDE OAT SPEED .

(LM) CFS) - (mT) (DEG C) MM)
4188M 312.8(FWD) 4688 18.5 226 LEVEL!

NOTES: I. SHADED SYImoLS DENOTE TRIM
2. BOTH AFCS ON

lo-Z18

0- 18B *q-, E lE

z• 6- eTOTAL D3IRETONAL CM TOL -TRAVEL 0-4-4•0-.

tcl E3_ Ea El E I
tU)- 41

TOTAL LATERAL CONTROL TRAVEL 118- INCHES -
0 i -0 o.--

* ~ ~ ~ 9 TOTAL LONGITLVINA- CONTRL-TRAVEL S.I tS __-

3 4-'- 4 " I s• . • i l • . . .

< v .. 4 ........ ..... .. ..

-CAl IBRATE..AIR$PE D ......... -

CKNOTS)
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A ROOR FIGH
LOW"X L oNG1I .tA ~r LV (

414460 21.$00.~) 4M- -~ 294 LEME

t4Olt I~.. SWE:YMOS DENCE TRXIH__

-~S -8sot

doe 1 . Il le li 148

(KNOTS)
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FIGURE 47
STATIC LONGITUDINAL STABILITY

CH--47D USA S/N 81-23303

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AV$ ROTOR FLSIHT

WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
CLB) (FS) (FEET3 CDES C) (RPM)

48e28 312.7(FVID) 4760 17.0 225 CLIMB

NOTES, 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON
3. ENGINE TORWUE DURING CLIMB 55 PERCENT

LJ (D27)

(!3 v to-0 21zi E

zt,-8~TOTAL DECOAL CONTROL- TRAVEL-! 9-.7-- ICES-

u.t-- 4-

S7 TOTAL LATERAL CONTROL TRAVEL. 1- 5- INCHES
.,, - I

WACLZ

TOTAL LONGITUDINAL CONTROL.- TRAVEL S. 13.8..NCH .

-JH

do do Isd oli ii

e ,s
* CALIBRA.tEIR1S. E E_ *.*,. * .•.-.*- -- --

(NTS)
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* ~FIGM 49
STATXC LONGITUDIL STABILITY

--------- ------

Gt- L~MIUIA P~~A olioW4EI% CS LOCATION 4AAT _ 8If E
CLii) (ES) (FEET) ---- __ ----XM-
42760 3465.S(AFT) 462: 29S. . . E

NOTE; t. S"4ADV~ SYMBOLS DENOTE TRIMl
2. BOTR AFCS ON

HHUD 10

*TOTAL D ImCTXOTwo ji t3V* 11 00141~

El ---------

C.)LL_ _ _

wt- 4 - -------- __ _

o 7 TOTAL LATERAL. COKTRQ -RAYZL tE,1LStf -

-J&

TOTAL LOGTIA

~~CAII3RATEID AIhSPJRD
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FIGURE 5 1
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AV ROTOR FLIGHT
WEIGHT CG LOCATION ALTITUDE OAT SPEED CONOITION
(LB) CFS) (FEET) (DEG C) R )
41829 345,7(AFT) 5229 21.0 225 CLIMB

NOTE: 1. SHADED SYMBOLS DENOTE TRIM
2. B01H AFCS ON
3. ENGINE TOROMJ DURING CLIMB 61 PERCENT

QJ~uJ

TOTAL DIRECTIONAL CONTROL TRAVEL- 9_7 DlE&IES -

-
41* ofzz

_- 3

0 1- .- 7TOTAL LATERAL CONTROL TRAVEL -18. 5 INCHES-
0! U ix

(.-M w* Q E
8 @71 ----

_ja.

t-gTOTAL LOGTDNLCONTROL TRVE 15.1 NAU-

ZHOM

"A4 89 l. d ~ ie tie 6:
CALIBRATED AIRSPEED.- -

(KNOTS)
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FIGURE S2.
STATIC LONGITUDINAL STABILITY

~CK-47DUSA S/N 81-23383

------ AWS AVG AVG
OR LONITUDD4AL DENSITY AVG ROTOR FLIGHT
EIST CIS LOCATION ALTITUDE OAT SED CONDITION

~FS) (FEET) CDES C) R)
S*JIAFT) 6420 29.5253 DESCENT

NOTES 1. S1WDSYNBOLS DENOTE TRIMl

~. ~IIETORQUE DURIN DESCENT -36 PERCENT

-.---- - -----

1 TWALL DIRECTIONAL COTRAOL RAE- 105- INCHES

--.TOTAL- I .W&ITUDINAL- CONTROL. TRAVEL -1.5.0 INCHES

-CALIBRATED AIRSPEED 118 13
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FIGURE 53
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
(LB) (FS) (FEE T ) (DEG C) (RPM)

El 51040 331 S(AFT) 5080 26.5 225 LEVEL

NOTES. 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS SYSTEMS ON

10

UH 0 D w 0]

0 :~10]

z* %JQ 6] TOTAL DIRECTIONAL CONTROL TRAVEL -9.7 INCHES

ii. 4

HCH

_2:j

00~ 6] 80U 8
.JHO

al9] TOTAL LONGITUDINAL CONTROL TRAVEL 15.0 INCHES

Z H D D---- iJH 0 0p 
0A,<... 7•'" C 7-

H _J 1
z Q 6-Z&.LL.

v 38 40 50 60 70 80 90 180
CALIBRATED AIRSPEED

(KNOTS)
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FIGURE 54
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
CLB) (FS) (FEET) (DEG C) (RPM)

El 48420 332,4(AFT) 5100 25.S 225 CLIMB

NOTES, 1, SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS SYSTEMS ON
3. ENGINE TORQUE DURING CLIMBS = 68 PERCENT

maw
BHC 1 E 0F- B~

Z'xt- _ .TOTAL DIRECTIONAL CONTROL TRAVEL - 9.7 INCHES

-. o • 5
-. H-JO

-•. HOH

C: 7-7 TOTAL LATERAL CONTROL TRAVEL =10.5 INCHES

•zz

.4

ot-9 TOTAL LONGTER IAL CONTROL TRAVEL 1.5. INCHES

z•o-

0 L_ -CE 8 0 18 I 2

& W_1 LL 6

43 fHu. 5

•- CALIBRATED AIRSPEED
S~ (KNOTS)
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FIGURE 55
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AV$ ROTOR R.IMT
1VEIGHT CG LOCATION ALTITUDE OAT SPEED COI.ITIWN

(LB) CFS) (FEET) CDES C) (RP.)
49388 331.5 CAFT) 5408 22.6 224 DESCENT

NOTE: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF
3. EWNINE TOROUE DURING DESCENT , 48 PERCENT

WO lei}

zI -- N 6 TOTAL D-IRCTIONAL CONTROL TRAVE-, 7 B B 3 . ..E3H CD
ýoz5

Zi..

" '-i, -" 4 .. 
..... .5-i

"pTOTAL LATERAL CONTROL. TRAVEL - 10.5 NCE
41b

xzz

HI- 4i--- j 3
" TOTAL LONGTERUDNAL CONTROL TRAVL -18.. INCH ER rL I ,0I--

so doi d i

CALIBRATED AIRSPEED

(KNOTS)

J-I o



FIGURE 56
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
CLB) CFS) (FEET) (DEG C) (RPM)

.- El 49780 331.9(AFT) 4980 26.0 224 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS SYSTEMS ON

U0zw

Z 6- TOTAL DIRECTIONAL CONTROL TRAVEL 9.7 INCHES

zo-
*- 0 Z5 B 9 e

* I-- 4]
HOH

3

0 7- TOTAL LATERAL CONTROL TRAVEL = 10.5 INCHES

zz•j

•o 6

H H

4f 4

z9L 9-TOTAL LONGITUDINAL CONTROL TRAVEL =15.0 INCHES

ZH4 I

oz•

HZOD

v 70 80 90 100 110 120 130 140
CALIBRATED AIRSPEED

(KNOTS)
F-1 x6



FIGURE 57
"STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT
WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION

(LB) CFS) (FEET) (DES C) (RPM)
42600 318.SCFWD) 4900 24.0 225 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS OFF

I- (n D

ý vr m 0 - ......HHODUp p L 0  ~

-o z~-TOTAL DIRECTIONAL CONTROL TRAVEL - 9.1 INCHE -

Z(.
-ocz-HJO

Hý-Z

o-- TOTAL LATE AL CONTROL TRAVEL -5.7 INCHES

I- HH-

•v.-., TOTAL LONGITrUDINAL• CONTROL TRAVEL 5. INCE

ZH.J• B ' L

H-jo

_IZ -0Z_

QORE

30 40 50 80 70 8s s6
CALIBRATED AIRSPEED ...

(KNOTS)

137



- - - - - - - - - -

PTAT=. LONGITUDINAL STABILITrY

-~- - --.------------.*--~~7------- - 5- ~ SI 09S#

~ D~NSXy AV% ROTOR FIH
_TDE O SPEE CONMITON

-(8~ CFEET) (DES C) CRaPtO
I*AfS 4828 23-.0- 226 LEVAL

moE$l i "ADO SVL$ DENOTE 'TRIM-
2_ M$IOR O4E AFCS Off

db Dý1~~&[t=&OL_ TRAYMLwQ LI INCHES-

w-7a

TWAL4 AIMlE)h~ CONTROL TRAVEL-m M7- 1.0ICHM

-i --



FIGURE 59
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

SAVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT
WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION,

(LB) (FS) (FEET) (DES C) (RPM)
42548 337.2 (AFT) 5220 18.6 22S LEVEL

NOTE: ,. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS OFF

0D w~.---~ ------p0!P L j
CO-•

4Cv'C 18e

z,,t-- 6] TOTAL DIRECTIONAL CONTROL TRAVEL 0.7 INCHES

ac.

. .- j 3-,

U H X:0'OvJi--

9 P.-7 TOTAL LATERAL CONTROL TRAVEL -- 15 ICNCHES

zm hU.

8---

zcru-

coz

3 I-4- -

CALBRTE ARSEE

I- (KN--

9'•--g TOTAL LONGITUDINAL CONTROL TRAVEL - 16.8 ICE

~Oh.,.

" DC. 7-

* •:d_ 6



FI1GURE 80
STATIC LONGITUDINAL STABILITY

CI--47D USA S/N 81-23383

AVG AVG AVG AVG
""dW= LONGITUDINAL DENSITY AVG ROTOR FLIGHT
'WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION

.- " 9) (FS) (FEET) CDEG C) (RPM)
42720 337.4(AFT) 48GB 21.S 224 LEVEL

-NOTES, 1. SHADED SYMBOLS DENOTE TRIM.
2. MI,,ER ONE AFCS OFF

TOTAL DIRECTIONAL CONTROL TRAVEL - 9.7

96-00 _ B . .

TOTAL 1.AT.ERAL CONTROL TRAVEL m18.5 INCHES

I- -

ex: .TOTAL LOmITUDDI4\L CONTROL TRAVEL 15.0 INCHES

•- • • -ZH_..

H-J

CALIBRATED AIRSPEED
(KNOTS)



FIGURE 61

STATIC LONGITUDINAL STABILITY
CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATION ALTITUDF OAT SPEED CONDITION
(LB) CFS) (FEET) (DEG C) (RPM)

El 50660 331.6(AFT) 6200 27.0 225 LEVEL

NOTES:, 1. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS SYSTEM OFF

,,CL 10 -

O_ .•-- !Ll ! • .

z,-,-6TOTAL DIRECT71IONt_ CONTROL TRAVEL =9,7 INCHES

Z CL

L)~ u Qý 13ý Lj Ea -, -[- - --

HO•H.

-3

0 6-7 TOTAL LATERAL CONTROL TRAVEL = 9. 7 INCHES

zz.J CO0 6r 0 r
-H z, 1

OOv• .. __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

dOH

.J

-j
Qý- TOTAL LONGITUDINAL CONTROL TRAVEL I5HS. INCES

zz.

SI• Ia

z-, 6-0 D B
a - S L I

-•.J

H () 7 ýL 3 Q-
0OL

UQ. 74c

0 14

30 8 0 o
LCALILBRATED AILRSPrrEEw'

(KNOTS)

141



* S' --.. . .
FIGURE 62

STATIC LONGITUDINAL STABILITY
CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY A"G ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
(LB) CFS) (FEET) (DEG C) (RPM)

-E 49400 332.1(AFT) 4800 26.0 225 LEVEL

. NOTES:, 1, SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS SYSTEM OFF

' l (X a B -g B&"LI--w

Z,',-6- TOTAL DIRECTIONAL CONTROL TRAVEL 9,7 INCHES

4]._
_j 3

0 7- TOTA LATERA COTOLTAEL-. ICE

*:: WH 4

%- - nzzj

* H{H

-43

z Re---.- L7- TOTAL LATERAL CONTROL TRAVEL =S.S INCHES

0 L
wQ.-I

H H0

.0-J 1

S -- " • .-C A
i.•0. zz

Zt 9- TOTAL LONGITUDINAL CONTROL TRAVEL = 15.8 INCHES
* .JH

-- '1 <H.- 8-

-1 2- -
" ~CD0Q•

: -. o . 6:

-" 50 60 70 80 90 1 00 1 10 120
@t CALIBRATED AIRSPEED

. .: - .C K N O T S )

•. %•142



0 FIGURE 83
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR
WEIGHT CG LOCATION ALTITUDE OAT SPEED

CL9) (FS) (FEET) CDEG *) 0 ~ )
42108 318.5(VWD) 6228 23.5 226 EE

NOITESt 1. SHADED SYMOLS DENOTE TRIM

2. BOTH AFCS OFF

tHI-lcc 101

z~t.- -TOTAL I)IRECTIONAL-CONTROL-TRAVEL,~R I~--

* ixzz

133

TOTAL LATERAL CONTROL TRAVEL -- M.5L INCHIES..

t- Hi-
Z-I

OHM~
1--- 8 E

* 09-0

14



F•GURE 64
T1CLONGTUDINAL STAMIITM

'CiP-470r USA S/N 81-2:3383

AVG ~AVGAV
.... L.Nr"DlUINAL XMNITY AVG ROTOR FIJ*IT-

O ALTITUDE OAT SPEED C0NDfTI
MYS (FEET) CDEG C) (RPMI)-.... -S-------) s420 23.8 225 LEVEL -'

. JWTE1x _L SHA~DSYMILLS DENOTE TRIM
2. ilTH APcs OF1F

--m-e"AD-4-I EACIrAL CONTROL TRAVEL - 9.7 INCHES

* ° - -

- "- -- 7- . . ALAV.ERAL CONTROL TRAVEL - 10.5 INCHES

.-.. •-7 -.... ... . ..... ...
-~ j~J~4~CONTROL TRAVEL -16.8 INCHES

CALIBRATED AIRSPEED
4(KNOTS)

i• :• . . .. . . ... . .. . ..



* FIGURE 85
STATIC LONGITUDINAL STABILITY

CH-47D'USA-S/N-81-w23363

AVG AVG AVG AVG
GROWS LONGITUD)INAL DENSITY AV$ ROTOR FlfAWEIGH1T CG LOCATION ALTITUDE OAT SPEED CONDITION

(LB) CFS) (FEET) (DEG C) CRPM)'
42020 337.4(AFT) 4688 10.6 225 LEVEL

NOTE: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

18J

ma~w

HHCD

8-~ TOTAL DITIALCONTROL TRAVEL -m &.Q7 XD(CWS--

ZCC

WI-.0 43E z

9xzz
QOH-

-3

oa 7- TOTAL LATERAL CONTROL TRAVEL IESItiS-
*c U- (zJ

C-HO -----

* 4

*TOTAL LONG ITUDINAL CONTROL TRAVEL _fk15.8 _INCHESZ._

-8-
ZH4j

0I-

0

*CAL-IBATED- AIRSPEE -----
(KNOTS)

145,



FIGURE 66
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

"AVG AVG AVG AVG
GROSQ LONGITUDINAL DENSITY AVG ROTOR FLIGHT
4dihT CG LOCATION ALTITUDE OAT SPEED CONDITION

(LB) (FS) (FEET) (DEG C) CRPM)
42120 337.7(AFT) 4880 21.S 225 LEVEL

NOTESt 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

TOTAL DIRECTIONAL CONTROL TRAVEL -!.7 INCHES

g-43

S~H-JO

7-7 TOTAL LATERAL CONTROL TRAVEL -106. INCHES

02 ~ ~ E Flr~

1--., 0__ 0 - -•

.4-

6k TOTAL LONGITUDINAL CONTROL TRAVEL - 15.8 INCHES

7-

"Go9 160 110t 1ý0 130 140 ISOt0h
CALIBRATED AIRSPEED

(KNOTS)



FIGURE 67
STATIC LONGITUDINAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
CLB) CFS) (FEET) (DEG C) CRPM)

0 50240 331 8(AFT) 5000 26.5 22S LEVEL

NOTES., 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS SYSTEMS OFF

10
hJ VL) D

Maw

• l--- 0 JJ B E E9 E

S101

Ze 6 TOTAL DIRECTIONAL CONTROL TRAVEL 9.,7 INCHES
< 0JZ CL
ýo a i 9 - 1@. ....B

l- 4 ..

0azz1
HOH

* J ',-'S

0 ,- 7- TOTAL LATERAL CONTROL TRAVEL = 10.5 INCHES

0 0 6- El f
10

V -j

TOTAL LONGITUDINAL CONTROL TRAVEL IS1.0 INCHES

Z j 8-1

0i 0 J0
Zcka. 61
c-1

30 40 5o 60 70 80 90 100
CALIBRATED AIRSPEED

(KNOTS)

147

- -. _ -- - -- - -



FIGURE 68
STATIC LONGITUDINAL STABILITY

,- ..... ..........H-47D USA S/N 81-23383

. AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT

"SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED CONDITION
.(LB) - "CFS) (FEET) (DEG C) (RPM)

E ". 48840 332.3(AFT) 5160 26.S 225 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS SYSTEMS OFF

C..) • p. w I

-0- -- -

Z -aI- .TOTAL .DIRECTIONAL CONTROL TRAVEL 9.7 INCHES

Z CL_0 x/0U- rO

44OH-IO

mzz-
Wa-.- --z .. .

HlZ"

-13

Q0 i-F-7- - TOTAL LATERAL CONTROL TRAVEL 1 5. .INCHES

zz._l

"wo. z

t- 44

Z•.•_.. 9•TOTAL LONGITUDINAL CONTROL TRAVEL =15.0 INCHES

z( J t- 4j . 5 .........

6-I'

"' 70 80 90 100 110 120 130 140
CALIBRATED AIRSPEED

(KNOTS)

148



FIGMRE as
STATIC LATERAL-0RCTIONAL STABILITY

CH-47D USA-S/N 8t-23U33

AVG AVG AVG AVG TIMhGROSS LOWG Ce DENSTy AV RTO AlFU$WEIGHT LOCATION ALTIM OATG ROTOR CALMSE FLIGH1T1(LB) FS) (FT) (DGC) ('t) CKT)SOON0 312.7 (FWD) 5240 17.5 224 78 LEVEL

NOTES~ I. SHADED) SYNBO)LS DENOTE TRiM1----
2. 13OTH AFCS ON

~JH

i.-
5 e

-J-

67 TOTAL LAI~TERAL CO )NTROL TRAVEL la, 0.7 CEs-

6-

4-9



*e FIGURE 70
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CO DSITY AVG ROTOR CALIS FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION
(LB) CFS) CFT) CDEG C) (RPM) (KW)
39440 S12.8 <FWDI) 4846 17.0 224 120 LEVEL

* - NOTES, t. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON

J301" .jiOH9

TOTAL LONGITU1DINAL CONTROL TRAVEL I-91. INCHES

76j

= __8

Q Zof--I

cK Uo. 6K

OF--

v

4J5

.- 2. "' TOTAL I LATERAL CONTROL TRAVEL - 10.5 INCHES

Z1L~

F-LU

Owo~

Cow-
* 8- TOTAL DXRECTIONAL CONTROL TRAVEL - 9.7 INCHES

<~o• 5-

,-ox 4-

3s 2o 18 to1 20 383 40

ANGLE OF SIDESLIP

(DEGREES)

Ldl--
0rZ



* FXGUftE 71
STATIC LATERAL-DXRECTIONAL STABILITY

CH-47D USA S/N 81-23363

AVG AVG AVG AVG TI
GROSS LONG CG DENSITY AVG ROTOR CAL=B FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED :AIRSPEED CONDITION

CLB) (FS) (FT) (DEG*C) (RPM) (T
40140 318.7 (FWD) SSW0 18.6 225 95 CLIMB

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON
3. ENGINE TORQUE DURING CLIMB -93 PERCENT

to-
wiu)Oeow-J=)W 0

'I' OH(D

TOTAL LONGITUDINALCOTOTREL t.8I1ES-0 IL '

7-

7-TOTAL LATERAL CONTROL TRAVEL - I 85 INCHES -

0HLZ

* -4 -

MPH -------

4(~LEFT
ANL-O IDSI

B TTA DRETINALCOTRL RAEL M9EENOSE

- ------ --

Ih151

.J .. . . . .



FIGURE 72
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIMdGROSS LONG CG DENSITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION

CLB) (FS) (FT) (DEG C) (RPM) (1(T)
3866 312.5 (FWD) 5288 17.8 224 94 DESCENT

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON
3. ENGINE TORQUE DURING DESCENT - 35 PERCENT

OHC
.' I'-QI'-.

4K - j ! -
7 gTOTAL LOTGRIUDINAL CONTROL TRAVEL - S.0 8 INCHES

'CKi-..Co w r OI.- w

c<OP...J8

zH _j

* o. 7-
I-E
H.4O

TOTAL LARETERNAL CONTROL TRAVEL 0 1.7 INCHES

4--

t-3

..JH

* JI-H-

L EFT RIGHT
ANGLE OF SIDESLIP

(DEGREES)



FIGURE 73
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CS DENSITY AVG ROTOR CALIS FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED COC*VXTON

(LB) (FS) (FT) (DEG C) (RPH) (KrT)
393680 318.8 CFWD) 58280 9.0 224 94 AUTOROTATION

NOTES; 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON

w'nix
.-J ]-m -1....0.

.. t-- wY

Y.1 ý- 0• 1--

" TOTAL LONGITUDINAL CONTROL TRAVEL - 15.8 INCHES

.H W t
.I t --.J . .. .. ... ... ....... . ..

*N 71Z- 2-:'- r= "

H-jD

(-DW.Ze 6-"

0H I

_j .. . .

o -0 7 TOTAL LATERAL CONTROL TRAVEL ,, e.S INCH'ES....

'-C

((OiL 5-
n,,o
I-- HI-

-J

61 TOTAL DIRECTIONAL CONTROL TRAVEL - 8. 7 INCHES -.-----

WI
< -J ) F-. .... I--X-

00

wl--I

H Z5 z 3-

S@ 2,0 te 0 te 20 8A.
L E F T _ n T S T . . .

ANGLE OF SIDESL.IP
<DEGREES)"



FIGURE 74
STATIC LATERAL-DIRECTIONAL STABILITY-----Ctf-47D USA S/N 81-23383

AV AVO AVG AVG TRIM

WEIGHT LOCATION, ALTITUDE GAT SPEED AIRSPEED CONDITION
CL3 CS) CPT) (DEG C) CRPt) CKT)

:469 M34. (AFT) -SIN 21.0 225 73 LEVEL

NTWE$,t 4. SHADED SYMBOLS bENOTE TRIM
2. MMH AFCS ON

TODTAL- OGITUDNAL CONTROL. TRAVEL - 15.8 INCHES

~ 7TOTAL-LATERAL CONTROL TRAVEL -106. INCHES

6TOTAL -DIRECTIONAL CONTROL TRAVEL -9. 7 INCHES

Zo.

4-

2
38 8 0 018fe 38 48

LEFT RIGHT
ANGLE OF SIDESLIP

(DEGREES)

5 4



FIZGRE 75
STATIC LATERAL-DIRECTIONAL STABILITY

CH-471 USA $/N 8t-23363

AVG AVG AVG AVG RIM
GROSS LONG CS DENSITY AVG ROTOR CALI FLIGHT

n WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED COCITIZON
CLO) (FS) CFT) (DEG C) CRPM) wKT)
4068• 346.7 (AFT) 4780 21 .0 226 129 LEVEL

NOTES a 1. SHADED SYMBOLS DENOTE TRIMl
2. BOTH AFCS ON

WOWX

Il e"•J•~I-- ,• I--

9- g_ TOTAL LONGITUDINAL CONTROL TRAVEL - 15.8 INCHES-_

ZH.j

kE 1
I-4--I<O

oH-jo
ORE. 5-

v

1L.

4--

*- TOTAL DIRECTIONAL CONTROL TRAVEL - 9.7 INCHES
W • I-"Ci

P-o•: 4

3-

* ~2

LEFT RIGHT
AWGLE OF SIDESLIP

(DEGREES)



FIGURE 78
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG~ AVG AVG AVG ITRIMGROSS LONG C6 DE.'SITY AVG ROTOR CALI6 FLIGHT
WE.GHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDI•TION

(LB) CFS) CFT) (DEG C) (RPM) CKT)
39046 336.9 (AFT) 6199 23.5 224 94 CLIMB

DT ES' 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON
3. ENGINE TORQUJE DURING CLIMB 85 PERCENT

• , "P9 TOTAL LOGIUINAL CONTROL TRAVEL - !5.8 ICE

.JH
5H4
00O(K

. ZCo. 7-

CaI-

. 7 TOTAL LATERAL CONTROL TRAVEL - 18.5 INCHES

OHj

-7-

H.JO

gJQ-j
cr. v.0 4

.J 8- TOTAL DIRECTIONAL CONTROL TRAVEL 0.7 INCHE

"3828'- 010 8 3 4

-- -oac 4-

m SZ
H 3

do-" 210 to 0 to2,4

LEFT RIGHT
ANGLE OF SIDESLIP

CDEGREFS)

. ...



FIGURE 77
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23638

AVG AVG AVG AVG TRIm..
GROSS LOWG C9 DENSITY AVG ROTOR CALlS Fu'sw
WEIGHT LOCATION ALTITUDE OAT SED AIRSPEED CNdWTI0N

(LB) (FS) (PT) (DES C) (RPM) (K(T)
39766 347.2 (AFT) 566 26.6 224 94 W-Scef

NOTESo 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON
3. ENGINE TOROiE DURING DESCENT -36 PERCENT

Cit- TOTAL LNGIUINAL CONTROL TRAVEL- I 16.- NmCmE----

7- TOTAL LATERAL CONTROL TRAVEL - 1.5 ~sINCHES - -

ZEis

4-

0 8a TOTAL DIRECTIONAL CONT!ROL TRAVEL 9.~7IN ES

z 0.

4-

2-

* ~~LEFTRIT
ANGLE OF 31DESLIP

(DEMGEES)

157



FIGURE 78
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG' AVG AVG AVG TRIM
GRS LONG CG DENSITY AVG ROTOR CALIB FLIGHT.1 WEIBHT LOCATION ALTITUDE OAT SPEED AIRSPEED COHN)ITION

CLB) (FS) (FT) CDEG C) (RPM) CKT)
47640 332.0 CAFT) 5641 22.5 224 72 LEVEL

-: NOTES: t. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS ON

-iJ:t)dUJQ-n,

OHOD

STOTAL LONGITUDINAL CONTROL TRAVEL - 15.0 INCHES

-.. H
.(P--- 8- 00 D 0.,Sfj0 0
ZH-j

QOILM . 7-I- E
H-JO

,Jz .0
oz!

_ n-. 7- TOTAL LATERAL CONTROL TRAVEL - 18.5 INCHES
m - ixl

-."- zz.J0' C3 6-
OHMO

.JHIX...IHa. S

"- -c

*I 6- TOTAL DITRECTIONAL CONTROL. TRAVEL -" 0.7 JINCHES

"I-.- H I

•~ v-o• 4

cnzz.HOH 3-

6.- TOA IRCINAvOTRL RAE .7ICE

0._1 2e t'e 20 3X438

SLEFT RIGHT
ANGLE OF SIDESLIP

(DEGREES)



FIGURE 79
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION

(LB) (FS) (FT) (DEG C) (RPM) CKT)
50408 331 2 (AFT) 4848 26.0 225 119 LEVEL

NOTES I SHADED SYMBOLS DENOTE TRIM
2 BOTH AFCS ON

<'J- lO7

<,-, 10

-% 9  TOTAL LONGITUDINAL CONTROL TRAVEL IS.8 INCHES

1H

ZH

HOD

z• 6

OH 5

v TOTAL LATERAL CONTROL TRAVEL - 18.5 INCHES

I c- HHwOZD

-J 4

S6- TOTAL DIRECTIONAL CONTROL TRAVEL 10 .7 INCHES

ZcL

czz

030 2 10 0 10 26 30 40

*e LEFT RIGHT
ANGLE OF SIDESLIP

C DEGREES)

S~159

• . . .• .. , , , - . . , • , . , ,, . • • -. . _ . .0• • •=



FIGURE 80
STATIC LATERAL-DIRECTIONAL STABILITY

"CH-47D USA S/N 81-23383

AW AVG AVG AVG TRIM
GROSS LONG CG DENR-qITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATIDN ALTITUDE OAT SPEED AIRSPEED CONDITION

(LB)-- (FCS) CFT) (DEG C) CRPM) CKT)
42129 318.4 (FWD) 4840 23.5 225 74 LEVEL

NOTES. 1. SHADED SYMBOLS DENOTE TRIM
2. NLlMBER ONE AFCS OFF

OH.D

g • TOTAL L.ONGITUDINAL CONTROL TRAVEL - 15.0 INCHES

zI--

0z

* C-JH~

ZH--
CL: 7-

W.
..j' .0,

v

o ,,,, TOTAL LATERAL CONTROL TRAVEL WS INHE

*I. i21H23-

00

6- ~TOTAL D.I:RECTIOiNAL CONTROL TRAVEL 9- 7 :INCHES

•-~~ M. ., U-

-. HOR

L". to 8I • 1 0 210 38 40
LEFT RIGHT

ANGL.E OF SIDESLIP
" (DWEGREES)

•~~ -- -| -ll - -m -i - -



FIGURE 81
STATIC LATERAL-DIRECTIONAL STABILITY

Cti-47D USA S/N 8 1-23383

AVG AVG AVG AVG IRXM ---
GROSS LON1G CG DENSITY AVG ROTOR cALX8 F1JX*4
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CMNITION

CLB) <FS) CFT) (DEG C0 -CRP?1) CKT)----
410560 318.8 (FWD) 5400 24.5 224 t1I1 LEVEL.

NOITES& 1. SHADED SYMBOL DENOTE TRIM
2. NUMBER ONE AFCS OFF

t-I
OHOD

4J410i

9 TOTAL LONGITUDINAL CONTROL-TRAVEL - 15.) mctES__ -

ZH4j

7-
ýA _ 40

S 7 -TOTAL LATERAL CONTROL TRAVEL~m - 185 INCHES-

1- Hi-

-4

e ~~TOTAL DIRECTIONAL CONTROL TRAVEL- ý- fiQ.7_XNOES- --

8--

Zo.

'Lu.

HoH 3

2-

* LEFT ~~ANGLE OF SIDESLIP - R~~
(DEGREES)

161



FIGURE 82
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-2338

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITIONI (LB) CFS) (FT) (DES C) (RPM) (KT)
"42186 337.5 (AFT) 4718 22.5 225 73 LEVEL

NOTES. 1. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS OFFE10

<%J-

e% TOTAL LONGITUDINAL CONTROL TRAVEL - 15.0 INCHES
O0it

JH
ZH..J ,••= • E -

p•. 710",

0I--
_iz *c0

t -7- TOTAL LATERAL CONTROL TRAVEL - 18.S INCHES

QJHXtMro

I-HI-
;R<ot, S

v_4

* e- TOTAL DIRECTIONAL CON rROL TRAVEL - 9.7 INCHES

' H.JO

3

""- 2 la 0 1 ,0 20 30 40
LEFT RIGHT

ANGLE OF SIDESLIP
(DEGREES)

0 - __. __ Z • . .:-i _ •_.._-i" . .



*e FIGURE 83
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVGGROSS LONG CO DENIT AVG ROO AF~P~~
WEIGHT LOCATION ALTITUDE OAT SPEED AiRPED CONDITIEM

(LB) (FS) (FT) (DEG C) CRP") CK..
42988 336.9 (AFT) 4628 22.9 227 t13 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS OFF

OH(D

S9- TOTAL LONGITUDINAL CONTROL TRAVEL " LS..INC. -
/H :

0 I i.- I . <
z :I,- .r

01--
HOP

TOTAL LATERAL CONTROL TRAVEL - 10.5 INCPES

00 6

I- HI--

* 6- TOTAL DIRECTIONAL CONTROL TRAVEL - 9.7 INO4ES.

zz~Q)UM- 5

'xzz

HOt- :3

2e%-

ANGLE OF SIDESLIP
(DEGREES) ..

0 01



FIGURE 84
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23363

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIS FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION

, (17) 3F) (FT) (DEG C) (RPM) CKT)
472W0 332.2 (AFT) 5580 23.9 226 72 LEVEL

- NOTES, I. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS OFF

fR 8-1

Z-HLJ J n J L

=o. 7-

7- TOTAL LATERAL CONTROL TRAVEL -1.5 INCHES
lx - IjJ
zz.J

0- HI
.JKw

TOTAL DIRECTIONAL CONTROL TRAVEL - 9.7 INCHES

i-oi 42
* OWL

lxzzHOM 3-

"30 20 10 20 80 40
*LEFT RIGHT

ANGLE OF SIDESLIP
(DEGREES)



FIGURE 85
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIS FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED COWDTZON

(LB) (FS. (FT) (DES C) CRPM) CKT)
49960 331.3 (AFT) 478• 28.8 226 112 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. NUMBER TWO AFCS OFF

'-a-10,
az w cz

0HcD

ze%• 9-TOTAL LONGITUDINAL CONTROL TRAVEL -15.8 INCHES-.--
I 0 b..,€

7r <-- -j 8-
ZH-J

6" 7 j ......... ...0.0

CD0-0- 7-

- 7"- TOTAL LATERAL CONTROL TRAVEL .5 INCHES

z-J
00 6-
UH:

t-0o¢JH•

-j~i

* TOTAL DIRECTIONAL CONTROL TRAVEL -9, INCHES

Z CL
0 x=." H-joil v*-o~ 4-

0 m A-
HOR 3-

"312 20 1 I'S 28 38 48
L LEFT RIH.T

ANGLE OF SIDESLIP
(DEGREES)

!0,



* ~FI;GURE 86
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG 'AVG 'AVG AVG TRIM
= LONG CG DENSITY AVG ROTOR CALX. FLUGHT

:WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION
"(IiW) . (FS) (FT) (DEG C) (RPM) CKT)
41788 318.4 (FWD) 4780 23.5 224 74 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

g TOTAL LONGITUDINAL CONTROL TRAVEL t5_s18 INCHES
CU.<

~J~h

*ZH4 8..

m- 7-
d OR

I'e 7-- TOTAL LATERAL CONTROL TRAVEL - 18.S INCHES

I.- wAZZ-1
0w0

.JH•

4 . 4

*- TOTAL DIRECTIONAL CONTROL tRAVEL - 9.7 INCHES

z'-'•I-.Z

.- oi" 4-

Hom 3

2-
30 28 10 0 10 20 30 4

*LEFT RIGHT
ANGLE OF SIDESLIP

(DEGREES)

0.)e•b



- iFIGURE 87
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CS DENSITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CODIT.-N

(LB) (F3) (FT) (DEG C) (RPM) CKT)
40928 318.5 CFWD) 4940 23.8 225 129 LEVEL

NOTES; t, SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

,',fr 10-]

HO*D

r, ~TOTAL LONGILT'UDITNAL CONTROL TRAVEL - 1&.8 _,I!NCES---

CA 01U-

rQ- 7-

.JH

m - r I

mJ 0

U CL Z

STOTAL LARETER NAL CONTROL TRAVEL - 0.7 INCHES
wo-

0 l ,-. TOTAL DIRETIONAL CONTROL TRAVEL - 9G.7 INCHES

mzcl
oR 3

<-o 4

* . -GLA
IA .J 5 

. ..... ...

2--
30 20 Is 18 20 38 40*i~ LEFT RI........

ANGLE OF SIDESLIP
(DEGREES)



FIGURE 88
STATIC LATERAL-DIRECTIOWAL STABLI T Y

CH-47D USA S/N 81-23383

-- ,, AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALID FLIGHT

IIItT LOCATION ALTITUD)E OAT ')PEED AIRSPEED CONDITION
'CLB)ý CFS) (FT) CDEG C) (1?I1) (.1T)
41828 337.8 (AFT) 4960 22.0 225 71 LEV.EL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

4103
TOTAL LONGITUDINAL CONTROL TRAVEL - 15.8 INCHES

ZH.J EiH

oz-

,", 7- TOTAL LATERAL CONTROL TRAVEL - 10.5 INCHES

c zz~j
008

•(JvH-
*8- TOTAL DIRECTIONAL CONTROL TRAVEL -9.7 INCHES;

-J

cxzz
"o! 3,

30 2a to a 1g 20 30 40
LEFT RIGHT

ANGLE OF SIDESLIF,

(DEGREES,



FIGURE 89
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALI8 FLIGHT
WEIGHT LOCATION At TITUDE OAT SPEED AIRSPEED CIND•ION_.

(LB) (FS) (FT) (DEG C) CRPM) CKT)
42600 337.2 (AFT) 5840 22.0 224 130 LEVEL

NOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

•:v ...................DOH(

TOTAL LONGITUDINAL CONTROL TRAVEL 1 S.10 INCHES-
OLL,< -""

=o. 7I.- .- c

O rvO - 7

O " 7- TOTAIL LATERAL CONTROL TRAVEL - 18.S INCHES

* I- s

Mo0

4- 1.-41- -/

-J

S- TOTAL DIRECTIONAL CONTROL TRAVEL -- . 7 INCHES

_oJ (1 F

a.-,c~ 4-

S3'

2-1

320 10 0 18 29 49
LEFT It -

ANGLE OF SIDESLIP
(DEGREES)

S1



FIGURE 90

STATIC LATERAL-DIRECTIONAL STABILITY
CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROW LONG C6 DENSITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITITON

CL3B (FS) (FT) (DEG C) (RPM) (KT)
5160 331.0 (AFT) 5060 27.5 225 74 LEIEL

SNOTES: 1. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

WOW¢owc'

a0 -1  TOTAL LONGITUDINAL CONTROL TRAVEL - 18 INCHES

8 -

ZH2

=C. 7-
H-JO
CDO0Xz9 e E.
0,--

8•5

S V-7TOTAL LATERAL CONTROL TRAVEL - 10.5 INCHES

zz j
"00

8- TOTAL DIRECTIONAL CONTROL TRAVEL - 9.7 INCHES

a- ~ ~ -e-e ~-&- M- 444-f±-- i:4
4-

..jw )i-..-

*W-I-

21
30 30 40
LEFT RIGHT

ANGLE OF STIXESLTP
(DEbREES)



FIGURE 91
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIB FLIGHT
WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION

(LB) (FS) (FT) (DEG C) (RPM) (KT)
49420 331 5 (AF1) 4820 26.0 224 119 LEVEL

NOTES: I. SHADED SYMBOLS DENOTE TRIM
2. BOTH AFCS OFF

< 10J

9TOTAL LONGITUDINAL CONTROL TRAVEL - 15.0 INCHES

JHZ:3 B
0 ~~ 'u- 8-

ZH
HOD

z• 6-

-jz .0DH- I
.- ZD

TOTAL LATERAL CONTROL TRAVEL - 10.5 INCHES

o 7

I-Li
zz i
00 6

c•o

L) HfX

6-7 TOTAL DIRECTIONAL CONTROL TRAVEL - 9•7 INCHES

cJD 0
41 e6- TOTAL DIETOA OTO RVL 97ICE

Z:It - -

C 3M

30 20 1( 0 10 20 30 44

*LEFT RIGHT
ANGLE OF SIDESLIP

•:.- (DEGREES)

u 171



FIGURE 92
STATIC LATERAL-DIRECTIONAL STABILITY

..CH-47D USA S/N 81-23383

AVG AVG AVG AVG TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIB FLIGHT

SYMBOL WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION
CLB) (F-S) FT) CDEG C) (RPM) CKT)

El 4480 338.4 (AFT) E740 23.0 223 93 CLIMB

NOTES, 1. BOTH AFCS SYSTEMS OFF
"2. SHADED SYMBOLS DENOTE TRIM

3. ENGINE TORQUE DURING CLIMBS = 86 PERCENT

_jui

9- TOTAL LONGITUDINAL CONTROL TRAVL = 15.0 INCHES

< ý - 8-

7
HZH

E" D•H --10

zc•t 6-
0I-

0 F-- 7- TOTAL LATERAL CONTROL TRAVEL 10.5 INCHES
Iy- ILL m
zz•J
co 6-

I 6 TOTAL DIRECTIONAL CONTROL TRAVEL = 9.7 INCHES
0

m Q

H•O -j< 4

z 00HOH 3t

:- 30 20 10 0 10 20 30 40

LEFT RIGHT
ANGLE OF SIDESLWP

"(DEGREES)

7?



,. FIGURE 93
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA S/N 81-23383

AVG AVG AVG AVG 'TRIM
GROSS LONG CG DENSITY AVG ROTOR CALIB FLIGHT

SYMBOL WEIGHT LOCATION ALTITUDE OAT SPEED AIRSPEED CONDITION
CLB) CFS) CFT) CDEG C) CRPM) -CKT)

El 39360 339. ( CAFT) 5480 23 0 225 95 DESCENT

NOTES, 1. BOTH AFCS SYSTEMS OFF
2 SHADED SYMBOLS DENOTE TRIM

10 3. ENGINE TORQUE DURING DESCENTS = 32 PERCENT.
c.

OHOD o-

*-.j10

TOTAL LONGITUDINAL CONTROL TRAVEL = 1S. INCHES ....

p_ >-
z n,. 6j

ClA--

UHU_ 5J

C t-H- TOTAL LATERAL CONTROL TRAVEL =10.5 INCHES

zz-J i
oo 6-j
_JHn

""- H -

TOTAL DIRECT7ONAL CONTROL TRAVEL = 9.7 -NC--ES-

(3 03 o-

00F_ .) i "b -n

I bLU --
• rKZZ

HOH 3

30 20 10 0 10 20 30 40

00

.. LEFT RIGHT
" "" ANGLE OF SIDESLIP

,- ~(DEGREES) -

•, ' " 1 7 3

[" '_ i _ _ - . _- "" . _ L:' ' _ _ - _ .. -_ _ 0



FIGURE 94
MANEUVERING STABILITY

CH-f-47D) USA S/N 81-23383

- VGAVG AVG TRIM~
dROSS: LONGITUDINAL DENSITY AVG ROTOR CALIBRATED FLIGH-T

*SYII WCIGHT' CG LOCATION ALTITUIDE OAT SPEED AIRSPEED CONDITION
~CLB ~ CFS) FET (DEG C) (RPM) (KNOTS)

-54-1t20- 330.6(t4ID) 6380 25 0 225 73 RIGHT TURN
C 5~fl 30 (MD) -- ~30 25.0 225 73 LEFT TURN-

NOTES, 1. BOTH ARCS ON
2. BALL-CENTERED FLIGHT
3. SHADED SYMBOLS DENOTE TRIM

TOTAL LATERAL CONTROL TRAVEL=te.S INCHES

* -. z

M ,'

*_ Z~ -- -- -------

TOTAL LONGITUkiDTNAL CuCNTFROL TRAVEL=15.0 INCHES

ZZ-4Z

7 -

1.01. 1 2 1.3 1.4
NORMAL ACCELERATION CG)

17_.
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• •" ~FIGURE" 7

'VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23383

A.• VIBRATION AT FS 440 BL 44 LEFT
AVG AVG AVG

GROSz, LONGITUDINAL DENSITY AVG ROTOR FLIGHT
SYM WF. - LOCATION ALTITUDE OAT SPEED CONDITION

""L3 (FEET) (DEG C) (RPM)
0 34' 330 9(MID) 2858 20.0 225 LEVEL
El 3 .(MID. 162e 18.8 225 LEVEL

0.27 ~ - 33. HERTZ

L&J

eze - - •
S• 4 C/,EV 22.5 HERTZ

to ! H.25 HERT
*: I

- K 0.4- 1TM'" . 25 HERTZ0

0 W .2-

00

-2

vM

*r . 00

(0)
-0I 2-• -.- 75 HERTZ

""0 -. 80 100 120 140 1ee
CALIBRATED AIRSPEED

"(KNOTS)



,. -. . VI~RTtON CHAgACt'"ISTICS .<

YERTICAlý VJBIWTIXW--AT FS' 482 SL44 LEFT

LO TY#AL AVO ROTOR
_"__w :; OAT SPE GNZTo

--C>- -

#~~~ ..............TZ..

* - S/A0tEYM 42,5 HERTZ---- -

- -- -~-----
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FIGURE 119
VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23383

VERTICAL VIBRATION AT FS 328 BL 44 LEFT
AVG AVG AVG AVG

GROSS LONGITUDINAL DENSITY AVG ROTOR F.OT
SYM WEIGHT CS LOCATION ALTITUDE OAT SPEED COWIT

(LB) (FS) (FEET) (DES C) (RPM)
0 34148 330.0(MID) 2858 29.0 226 LEVEL
El 41200 330.ICMID) 120 1s8.$ 225 LEVEL.

0.2- /REV - 33.75 HERTZ

E9

04 b/REV -22.5 HERTZ

Se.47 3,/RE 11. 2S HE:RTZ ...

0
I..

ce0.2 9

UEl

8.24 I/REV - 3.75 HERTZ 00

40 IO8tto 10 14 h

CALmdIBRATED AMW,•EED..
(KNOTS)

i99

. . e. .. . . . . . . . .



FIGV!RE 120
VIBRATION CHARACTERISTICS

----... C*-471-U$A S/N 81-23383
VERTICAL VIBRATION AT FS 328 BL 25 RIGHT

- - A~ AVGAVG
GROSS LONIWIA DEITY AVG ROTOR FLIGHT

SYM WEIGHT CO j.OCATION ALTITUDE OAT SPEED CONDITION
..... -. FS) CFEE'T)- DEG C) CRPM)

0 8414e 83e.SCMID) 2658 29.0 225 LEVEL
__Q 412W -10ZD t20- 18.6 LDE2

-- .- /REV - 33.7S HERTZ

0 0
ID El El0 0

;- ,.o -88- W/REV 2 2.5 14M~Z- ----

I J. 2HET

-. 4- /REV 3I2S HERTZ

-a8.2 .....

o 2400 1
'- 7 8.8 0-c a 1 0)....

"-" e.- I/L• * 3.7 HERTZ ....

.. 8

-CALT1RATED AIRSPEEC-
(KNOTS)
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FIGURE 121
VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23383

VERTICAL VIBRATION AT FS 320 BL 25 LEFT
AVG AVG AVG AVG

GROSS LONGITUDINAL DENSITY AVG ROTOR FLIGHT
SYh WEIGHT CG LOCATION ALTITUDE OAT SPIED CONPITI.q

CLF) (FS) (FEET) CDEGC) CRPM)"-Is 34140 330. @CMID) 28,W• 29.0@ 225 LEVEL
0-E 41200 338. I CIDJ) 1 G20 !8. @ 225 LEVEL _

0.2 9/REV - 33.75 HERTZ

9 El
0 8/REV -22.5 HERTZ

El

e!1 J 0
Se. 4-] 3 v- ,. •z

04 3/REV- 11.2S HERTZ r

0.-0RV 37 ET

40 68 80 10S 120 140 lee lie
CALIBRATED AIRSPEED

(KNOTS)



FIGURE 1222
VIB3RATION CHARACTERISTICS
CH--47D USA S/N 81-2338

LOGITUINAL VIBRATION AT COPILOT SEAT
AVG AV$ AVG AVG

SYM GRSS LONGITUDINAL DENSITY AVG ROTOR FIH
8 EIT CS LOATION ALTITUDE OAT SPEED

(LB) (F'S) (FEET) (DES C) (RPH)
3 94140 S9S.9CMID) 2M56 29.9 225 LEVEL
""n 41W "0. 1 (MID) I0= 18.6 22M LEVE.L

O.2 G/REV ,,33.7S HERTZ . ..

0.4- 8'REV 22.6 HERTZ

El
0

Ij ~ ~ GA1  S/REV 11.25 HERTZ
9..

e.e-j ••

8.21 I/REV - 3.715 HERTZ

e s8 8 toe 12 148-
CAL.BRATED AIRSPEED

(KNOTS)
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FIGURE 123
VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23383

VERTICAL VIBRATION AT COP3LOT SEAT
AVG AVG AVG AVG

I GROSS LONGIT'UDINAL DENSITY AVO ROTOR 7LIGAT
8T 1 WEIE T CS LOCATION ALTITUDE OAT SPEED w TZ

(LB) (FS) (FEET) (DEG C) CRPM)
34140 MS.QCMIID) 2856 20.9 226 LEVEL

1 0 41200 330.I(I[ID) im2S 18.6 226 LEVEL

0.2 g/RE'V -- 33.75 HET

""0.4 /REV -22.S HERTZ

~ ~0.2

C J
.. - 3/REV -1.26 HERTZ

.. 2j

* . 0.0j a ••• . •r6.2E 3. 7 HERTZ

40 do as 10 1 i9 140 166 1

:-" (KNOTS)

t 2,'3



:FIG=R 124
VI8RTX~ON CHARACTERISTICS
CW4701IA- 8/N 81B'-2433

LOINITDIN&A VIBRATION AT PILOT SEAT
AAW VO AVG

OSLONCITEIhX#AL OEYSIT AVG ROTOR LW4* .A SPE CMt~ N8L~~~ ~~

e -1040-2

-i 0

14 7

49 as 09 t1J40 18

to 120
.~~CAL113"TED AIRSPEED



FIGURE 125
VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23M

LATERAL VIBRATION AT PILOT SEAT
AVG AVG AVG AVG

GROSS LONGITUDINAL DENSITY AV$ ROTOR FLI__
SYM WEIGHT CG LOCATION ALTITUDE OAT SE CONTI

(LB) (FS) (FEET) (DEG C) (RPMI) LV
0 34140 330.9(11Th) 285W 20.0 2256EE

(a 41200 3N0.tI(MID) I82n W1.0 u25 LEVEL

0. 21 /REV 33.7S HERTZ

I8. - /REV 22.5 HERTZ

00

0.418-V t S ET
8.47

.0-j ol

• L .e-J . 0
0.2* I/REV 3.75 HERTZ

408 60 88 108e 128 140 ISO Il
CALIBRATED AIRSPEED(KNOTS)



7 FZW,'RE126
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0 FIGURE 127
VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23383

LATERAL VIBRATION AT FS 9S BL 0
AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVQ ROTOR FIH

SYM WEIGHT CG LOCATION ALTITUDE OAT SPEED CONITION.
(LB) (FS) (FEET) CDES C) (RPMI)

O 34140 338.Q(MID) 2858 29.0 225 LEVEL
•1 41200 330,I(MID) 1028 to8.$ 25 LEVEL,

0. 2- sIREV - 33.75 HERTZ

014] 8/REV - 22.5 HERTZ

-. I- i °..
E0 El El

.4 3/REV 1, 25 HRTZ.

0.4]

S0.2 0 . .

-El

0

"0.21 I/REV - 13.75 HERTZ
> 

a

*' -o 7 II i... 
.. ...

[j W Ba'• iII E
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FIGURE 128
VMaRATION C~HARACTERISTICS

C*.4CrtJ $ISN V1-23383
VERTIA. VTBRATICON AT FS 95 9L S

AVG 4WW V AVG
ROSS LONSITUDINAL DENITY AVG ROTO MXOHT

(L) FS) '(FEET) CDEG C) 'RPM)
G- 841-40 SW.I(MID) -2m 20.0 225 LEVEL

W 42W 39.(iIs166 1.$ 225 IVL

9/REV- -3 37$_ HERTZ

1 0

6/REV 3.72S HERTZ

20



FIGURE 129
VIBRATION CHARACTERISTICS
CH-47D USA S/N 81-23383

VERTICAL VIBRATION AT FS 58 BL 33 RIGHT
AVG AVG AVG AVG

GROSS L .'7TUDINAL DENSITY AVG ROTOR FLIGHTSYM WEIG~iT CG '.OCATION ALTITUDE OAT SPEED CCNDITION
C L.B <FS) (FEET) (DEG C) (RPM)

0 3.14C 338.9CMID) 2858 20.0 226 LEVEL
a 412eO 330.t(MIID) 1628 18.$ 225 LEVEL

*

e.2- G/REV - 33.75 HERTZ ci>
B

0.

0.4 6/REV - 22.5 HERTZ

a E

~ 8.24>~ I
0 El

•. 0.1
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N

oc 0
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FIGI)RE 130
"VIORATý-ON C•ARACTiRISTICS'..... ..... ... _*r. ...*...........~- --iC iw~r Sh-ttei er -2 e ... ... :

V-: " : I•.-VZ•RATZN ,AT FS 50 SL 33 LEFT
AVG~ AVG

- R,, S LOUGITOL)NAtL DENSITY AVG ROTOR FLIGHT
SYh WIH V OAI AL!TITUDE OAT SPEED CONP.ITI )N

IKw. -LE"--- .... DEG-) 3 CW)
"" 84140 8I0.0(ID) 29.0 22 LEVEL

) 19U ..(-12LEVEL-

43.24- HETZ -

8 /.. I- . .. . ..... -------

,-" . ,,, -. HERT Z--
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"49 so -100 120 14 18 18 fe
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Figure 134. Level Flight Vibration Data (ATP Conflguration)l

1/Rev 3/Rev 3/Rev 3/Rev

Vertical Vertical Lateral Vertical

True Vib. at Vib. at Vib. at Vih. at Pilot

Airspeed FS 50 BL 33 Lt FS 50 BL 33 LT FS 95 BL 0 FS 320 B1, 44 LT Ratini

(knots) (%) (%) (%) (%) (VRS) 2

54.5 32 <30 <30 <30 2

69.5 30 30 <30 <30 2

36.5 32 30 30 <30 3

116.0 30 30 38 <30 3

125.0 30 30 40 <30 4

';4o.0 <30 35 55 30 5

145.0 <30 45 55 35 6

149.0 <30 62 52 45 7

"" 156.5 <30 75 70 52 8

NOTES:

• --- Iross Weight = 29,340 lh, Longitudinal Center of Gravity = FS 331.8 (MTD), Deasity

Altitude = 2260 ft, Free Air Temperature = 9.5 Deg C, Rotor Speed = 225 rpm, Ballast

and Instrumentation Systems removed, all readings from the Vibration Amplitude and

"Direction Indicator (VADI) In percent of limit in Acceptance Test Procedure.
2 VRS = Vibration Rating Scale (see encl 2)
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Figiure 135. Leve| Flight VibraLlon Data (PTDS Configuratlon)1

1/Rev 3/Rev 3/Rev 3/Rev
Vertical Vertical Lateral Vertical

True Vib. at Vib. at Vib. at Vib. at Pilot
Airspeed FS 50 BL 33 Lt FS 50 BL 33 LT FS 95 BL 0 FS 320 RL 44 LT Rating

(knots) (%) (%) (%) (%) (VRS)L

53.5 32 <30 (30 <30 3
69.0 32 <30 <30 <30 3
86.0 30 <30 <30 <30 2

104.5 32 <30 <30 <30 4
123.5 30 <30 33 <30 4
140.0 30 43 55 30 5
143.5 <30 45 63 30 6
150.0 <30 65 85 40 7

S154.0 <30 85 80 43 8

"- NOTES:

S.'Gross Weight = 36,780 Ib, Longitudinal Center of Gravity = FS 327.3 (MID), Density
Altitude = 1640 ft, Free Air Temperature 4.5 Deg C, Rotor Speed 225 rpm, Ballast
"and Instrumentation Systems removed, all readings from the Vibration Amplitude and

• "Direction Indicator (VADI) In percent of limit In Acceptance Test Procedure.
S2VRS = Vibration Rating Scale (see end 2)
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FIGURE 138
SHIPS SYSTEM AIRSPEED CALIBRATION IN LEVEL FLIGHT

CH--470 USA S/N 81-23383

AVG AVG AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR TEST

SYMBOL WEIGHT CG LOCATION ALTITUDE OAT SPEED METHOD
(LCLB) (FS) (FEET) (DEG C0 (RPM.)

48 FT) 4 20. 22
14.0 2-4 E gS2•1 A 34588 312 4ThO 46 14.0 22S T28 PACE

4(15
is-

0is

160-

140-

1 20-

Id

* z

418- / '*\ L•JE OF ZERO ERROR* 0 2

La /
28. '/..

SHI SYSTEM INDCATED AIRSPEE!-:.i: (KNOTS)

,.- 2/
* 8



FIGURE 139
SHIPS SYSTEM AIRSPEED CALIBRATION

CH-47D USA S/N 81-233

AVG Aý u AVG AVG
GROSS LONGITUDINAL DENSITY AVG ROTOR
WEIGHT CG LOCATION ALTITUDE OAT SPEE

(LB) (FS) (FEET) (DEG C) (WH)
32740 331.5 (MID) 4780 2S.5 225El

20-

~~zl0

NOTES: 1. DDENOTES 500 FPM CLIMB,
BALL CENTERED

2. 0 DENOTES 508 FPM CLIMB,
ZERO SIDESLIP

3. A DENOTES 500 FPM DESCENT,
140 BALL CENTERED

4. +DENOTES 500 FPM DESCENT,
ZERO SIDESLIP

S. BOOM PITOT-STATIC SYSTEM
USED AS A REFERENCE

120 6. CURVES OBTAINED FROM FIGURE ...
(LEVEL FLIGHT)

Sl e

"cu)A
</ v

W_ j//

//I- -. -

- *'-LINE/ OF ZERO ERROR

//
//

@ 30 so 70 / 0 i 6 Il
,SHIP SYSTEM INDICATED AIRSPEED -...............

" ~(K NOTS )

*.

S .. -. ...... ... ... ... .... .. ._ ._ .,.. . ........ ..... -. • •- -_• :.__..•,, _.. -/-; -/



-~ FIGURE148

SX SY$TOC4AVERSPW CALISRATIXJN

DUa.EDIlO4S INTALLEI)
AVG A G~ AVM -AVG--- -----

~OR AVGtA DNST ROTOR AMRPME
-~~ WEZ69T :LCATMON!w ALTITUDE OAT SPEED RIEEC

CMMý - fEET I Y DE C) CIptI

S 3 :-f;' CMD "-1. 2

--lee~- -

Hfm%

lee ---------

* . wz

so / t-e

[NOT FOR HANDBOOK USE

do is UTS 1,0 l

------- .----- SHIP-SYSTEH. INOCATED AIRSPEED
(KNOTS)
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0 ~FIGURE 141
SHAFT HORSEPOWER AVAILABLE

CHI-47D
MAXIMUM CONTINUOUS POWER

E NGINE SPEED 15066 RPM (225 RPM)

NOTE'S', 1. STATIC CONDITIONS
2. AIR BLEED: ZERO -

3. HP EXTRACTION ZERO
4. INLET TEMPERATURE RISE: ZERO
S. ANTI-ICE OFF
6 CH-47D PRESSURE LOSS:, REFERENCE 8V DOCUMENT-

NUMBER D210-1 1920-1 DATED JUNE. 2, t982 ~
7. BASED ON AVCO LYCOMING ENGINE MODEL

SPECIFIATO T-L-712 FILE NO.
19.31.51.13 DATED JUNE 27, 1983

1 e- ----

12000j

U-1

CL

*0 i

Soo 120I60 "00 240 20 2O

SHFwOSPWRAVIAU.....



FIGURE- 1-42 - -

SHAFT tORSýPOWER AVAILLABLE------
t~m-47D'

--tTERfIE-DIATE- RATEJ) POW4ER (38 MINUTE 4ýMIT)
* .-4NfMINFSPEEDS0 RPM .C22s RzpM).---

-. . .NOTES. 1:. STATICCONDITIONS
S-- ~- -- ------- --2--*R-D --E-ZERO-

- . -3. HP:EXTRACTIONW ZERO

~ 4.. INLET TEMPERATURE RISE:, ZERO
-6.CH-47D-'PRESSURE LOSS.- REFERENCE BV DOC-UMENT

7;. BASED ON AVCO LYCOMING ENGINE MODEL
- SPECIFICATION T55-L-712 FILE NO.

1-~i;-I--i3 ATED 4JUNE 27, t9193

*- 12 0 0 ------

Vul4~-

LLJ

eIa

______ -SHIAET. kIORSEPOWER-AVAILABLE--

222- -



FIGURE 143
SHAFT HORSEPOWER AVAILABLE

CH-47D
MAXIMUM RATED POWER CIO MINUTE LIMIT)

ENGINE SPEED ;S066 RPM (225 RPM)

NOTES: 1. STATIC CONDITIONS
2., AIR BLEED:, ZERO
3. HP EXTRACTION:, ZERO
4.. INLET TEMPERATURE RISE: ZERO
5. ANTI-ICE OFF
6. CH-47D PRESSURE LOSS: REFERENCE BV DOCUMENT

NUMBER D210-11920-1 DATED JUNE 9, 1982
7. BASED ON AVCO LYCOMING ENGINE MODEL

SPECIFICATION T55-L-712 FILE NO.
1t.3t .51. 13 DATED JUNE 27, 1983

S°;'

C, 0

120002

I--

H aee@8-
F-

tt9

6008

2000-

1800 2200 2600 3000 3400 3800 4200 4600
-- SHAFT HORSEPOWER ANVAILABLE -

"2)2,



........... FIGURE 14
-- SHAFT HtORSEP40WER AVAILABLE.

E+1ERSEW4Y- RATED, PWER

~NOTES- I STIATC lCONC~l12WNS

£3. HP._EXTACTO ZERO~

4: INLET TEMlPERATURERISEt ZERO )CMIT:
6-; CH4DIRSSR OSS- EEEC VDCMN--

.*. __-DATED-- -7It IJ)ATE -.-Lq

7. BASED) ON AVCO LYCOtIING ENGINE MIODEL
- ~SPECIFICATION TSS-L-7 12 FILE NO.

+9+~SI+3OATt> -dNE 27, -98

-1 210-J

LAJ

I,, --- ---- -

'Z--

QI)
Lii

2 80028 -_ 3200- 3600 4000 448 4800

SSHAE Er$~fJRAYA-ILABLE__-
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ENGIN cHARActrERISTICS

------ ---------- ---- LYCOa*IMo -T-SS-L-712- S/ 71224

ýYMBPL ATTD
* . - ------- EF~- -B G -C)-

* 4400, is.5

--- 41M---.

rx ------40 --- -6.7 - 11- _ _-5

--- - _ -- _----
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FIGURE 147
ENGINE CHARACTERISTICS

CH-47D USA S/N 81-23383
LYCOMING TSS-L-712 S/N 71224

AVERAGE AVG
PRESSURE OAT

SYMBOL ALTITUDE
(FEET) (DEG C)

E56 -11.
2600 - 1770 13.0

S2010 25.0
2060 3.0

* 4400 16.5
V 4760 6.5

2400 6200 -17 .0
6770 17.5

Se 8750 6.0...
*9620 IS .0 -,

10120 -i6
2200.-- I

. 2000-

J 1800

Lii

2t1400- /w¥

ceo1200-

ieo V- I I I I I I '
80 84 88 92 96 160 164 118

REFERRED GAS GENERATOR sPED_.RI/g.(J.PN)
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FIGURE 149ENGINE CHARACTERISTICS
CH-47D USA S/N 81-233-83LYCOMING T55-L-712 S/N 71226

5000- AVERAGE AVG
PRESSURE OAT"SYMBOL ALTITUDE

(FEET) (DEG C)
E-31- 5654600 , 1770 13.0

"A 2010 25.6
2060 3.0
4400 16.5

"4200 a 6200 -17.8
6770 17.5e 8750 6.0" * 9620 I5.0
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061--w-a CHARACTt.RISTICS
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"FIGURE 161
E""INE CHARACTERISTICS
-Hi--47D USA S/N 81-23383 .. ....

SYCOMING T-5-L-712 S/N 71226

920 AVERAGE AVG928PRESSURE OAT

SYMBOL ALATTUDT
(FEET) (DEG C) ..

. 880 1570 13.0
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2060 3.0
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APPENDIX F. EQUIPMENT PERFORMANCE REPORTS

The following Equipment Performance Reports (EPR) we.re submitted

during the CH-47D A&FC test.

EPR No. Da te Description

82-07-1 20 Jan 83 Broken wire to transmission chip detector

82-07-2 28 Jan 83 Damage to rotor blade tir cover

82-07-3 29 Jan 83 Hydraulic leak on #2 Power Transfer Unit

82-07-4 12 Apr 83 Damage to forward drive shaft cover

82-07-5 14 Jun 83 Failure of hydraulic hond pump

82-07-6 14 Jun 83 Loss of torque on combiner transmisstoit

right hand aft mounting bolt

82-07-7 14 Jun 83 Same subject as 82-07-6

82-07-8 14 Jun 83 Tear in rubber covering of rotor root end

82-07-9 14 Jun 83 Bearing freeplay in walklne beam at FS 401

82-07-10 4 Aug 83 Blade lag damper bushing disengaged

82-07-11 4 Aug 83 Rivet popping and cracking of skin support

structure

82-07-12 4 Aug 83 Aft rain shield chafes upper plyon

82-07-13 10 Aug 83 Bearing came loose from aft right landing

gear drag link

82-07-14 1I Oct 83 Fuel line leak left engine

82-07-15 11 Oct 83 Failure of valve solenoid cartridge #l PTrt

82-07-16 1i Oct 83 Failure of N2 actuator #2 engine

82-07-17 18 Oct 83 Broken ground wires top side, aft rotor
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